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INTRODUCTION 
The general increase in intensity of forest management in recent 
years has resulted in a need for a more critical evaluation of wildlife 
as a forest influence. Such an evaluation requires an assessment of 
damage to forest crops by injurious wild animals. The porcupine 
(Erethizon dorsatum), because of its feeding on the foliage and inner 
bark of valuable trees, is recognized as a forest influence, and in areas 
of abundance, is considered one of the most injurious wild animals 
to forest trees (Hawley and Stickel,  1948). 
Past workers have been concerned primarily with the timber 
species preferred by porcupines, the amount of damage in various forest 
types, and with methods used for porcupine control.  However, only a 
few writers have given thought to the different types of tree damage, 
degree of damage in any one timber species, size and distribution of 
isolated concentration areas, effect of damage on tree growth, and the 
effectiveness of porcupine control measures. This basic information, 
which is essential for assessing porcupine damage on an economic basis,  
was sought in the present study. 
This study deals primarily with porcupine damage to, ponderosa 
PQ^derosa) in western Montana. Ponderosa pine was chosen 
because of its high timber value, and also because past studies indicate 
it  is a preferred food of porcupines. 
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The objectives of the study were: 
1. To determine the relative size and distribution of porcupine 
concentration areas in western Montana. 
2.  To estimate the intensity of damage in areas showing per­
sistent, heavy porcupine feeding. 
3. To correlate damage intensity with variations in various site 
factors in concentration areas . 
4.  To investigate the effect of porcupine damage on radial growth 
of pine. 
A secondary objective was to evaluate hunting as an effective 
method in reducing porcupine damage in ponderosa pine. 
To achieve these objectives, information was collected during 
two summers , mainly on forest land in Region One of the U.S. Forest 
Service. During the first summer field work began July 1, I960, and 
continued through September 15, I960, with major emphasis being 
placed on investigations of concentration areas. The second field 
season's work was carried on from June 12, 1961, to September 15, 
1961, and was devoted to gathering information regarding the effects 
of porcupine damage on radial growth in pine, and in evaluating hunting 
as a possible control method. 
Before presenting the methods and procedures used, and the 
results of these investigations, a general review of literature 
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concerning the porcupine in North America is presented in the next 
section. The first part of the review deals with the animal itself,  
followed by porcupine damage, and finally, a brief review of porcupine 
control.  
GENERAL LITERATURE SURVEY 
The Animal 
C lassification and distribution. The North Ame rican porcupine 
(Erethizon dorsatum) is found throughout the forested areas of the 
United States (except forests of the South) and Canada. The genus 
(Erethizon) is the only representative of the porcupine family (Erethi-
zontidae) in North America (Ellerman, 1940). Currently all  animals 
are grouped into one species, namely (E . dorsatum), which includes 
seven subspecies (Anderson and Rand , 1943; Hall and Kelson, 1959). 
The subspecies (E . d. epixanthum ) considered in this study covering 
western Montana is commonly known as the yellow-haired procupine. 
Description. In general appearance, porcupines are character­
ized by a short, heavy body, small head, short thick tail ,  moderately 
small ears, and a blunt, hairy nose. The legs are relatively short. 
The forefeet have four toes and the hind feet have five toes; all  toes 
are armed with long, curved claws. 
Probably the most peculiar characteristic of this rodent is the 
development of most of its hair into rigid, sharp-pointed spines or 
quills,  which measure from one-half inch to over 3 inches in length 
(Nelson, 1918). It is estimated that the pelage of one animal contains 
about 30, 000 quills (Spencer, 1950). Along with the quills,  the porcu­
pine's coat consists of long and short guard hairs, long and short body 
coat hairs, long and short coarse hairs, and stiff bristles (Po-Chedley 
-4-
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and Shadle , 1955). 
The color of porcupines varies throughout its range. Eastern 
animals may be black, brown, gl*ay, or chestnut (Curtis,  1946). Taylor 
(1935) reports that dichromatisrr> is also common in porcupines in the 
Southwest. 
The porcupine's size is indicated by the following measurements 
given by Seton (1928): Length, 36 inches (914mm); tail ,  6 inches (153 
mm); hind foot, 3j inches (89nim). Weights and measurements of 
eastern porcupines reported by Struthers (192 8) are shown below. 
Weight Total Length 
(lb.) (inches ) 
End of first summer 3^ 18 
End of second summer 7-8 21 
End of third summer 11-12 2 5 
Other writers cite adult animal weights that range from 5 to 44 
pounds (Seton, 1928; Taylor, 1935; and Shapiro, 1949). Jackson (1961) 
states that adults weigh between 12 and 25 pounds and average 18 pounds. 
General habits.  Porcupines are generally solitary animals ex­
cept for the first few months of l ife,  during the mating season, and in 
instances when several animals occupy the same den. The animals may 
be active both day and night but prefer the evening and early morning for 
feeding (Seton, 1928). This rodent does not hibernate, but remains active 
all  year (Knowlton and Bruce, 1954). 
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Porcupines walk in a sluggish manner and seldom attempt to 
run. Top running speed is about 2 miles per hour (Cottam and Williams, 
1943). They do not swim well but will  voluntarily swim creeks or shal­
low ponds (Dean, 1950), 
The presence of a porcupine in an area is evidenced by fresh 
feeding on trees, by feces and flakes of bark scattered under trees, 
and fresh, broad tracks in mud or snow showing distinctive claw marks 
(Murie, 1954). Though largely arboreal,  especially in winter, porcu­
pines also spend much time on the ground. Sub-zero temperatures and 
increased snow depths diminishes the porcupine's desire to travel (Curtis,  
1944; Jackson, 1961). Gabrielson (1928) observed that wet weather 
drove porcupines to shelter but cold weather did not. Fallen trees, 
brush piles and dense vegetation are known to be used by porcupines 
for cover during wet weather (Marshall et al.  , 1962), 
There is some evidence that porcupines tend to return repeated­
ly to areas previously visited. This is shown by the frequent feeding 
on one tree or a small group of trees. After working with laboratory 
animals, Sackett (1913) reports that the porcupine's ability to quickly 
thread complicated mazes may be associated with the animal's habit of 
revisiting known areas. Shadle (1950, p. 411), working with penned 
animals, states that porcupines have shown ".. .a dogged persistence 
and tenacity of purpose which practically insure his accomplishing his 
project.  " 
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Taylor (1935) states that the sense of touch and smell are best 
developed and that sight, hearing, and taste are apparently dull.  Murie 
(1926) believes that in its normal activity, the porcupine depends mainly 
on its nose and that hearing appears fairly keen, but its sight is poor. 
Murie (1926, p. 112) also states that, "The animal*s sense of smell ap­
pears to have been developed in seeking its food, while the other senses 
have deteriorated through limited use." Sight was considered to be 
relatively good and smell quite highly developed, according to Batchelder 
(1948) who observed an adult animal in New Hampshire. When 
danger is encountered porcupines seem to rely on their sense of hearing 
and smell (Curtis and Kozicky, 1944). 
The play behavior of caged porcupines consists- of two main 
types. These are solitary play and collective play. Both types of play 
are performed by young animals. In young animals play can be ob­
served from the first few days of l ife until  several years of age. Play 
of older animals is more of the solitary exercise dance type (Shadle, 
1944). 
The voice of the procupine consists of a variety of sounds that 
include grunts, barks, and mews* Tacks on (1961) writes that mild dis­
comfort can cause the animal to make low pitched grunts. An apparent 
mating sound referred to as "singing" is described by Seton (1932), 
This was heard during the month of November. According to Shadle, 
Smelzer and Metz (1946), the males probably do more vocalizing 
during the breeding season. 
Movements .  Although little attention has been given to studying 
porcupine movements, it  appears that movements may be grouped into 
daily movements and seasonal rnovements. Seasonal movements of 
porcupines have been reported in Oregon by Gabrielson and Horn 
(1930). Animals in this region were reported to move from rocky ledges 
to mountain meadows and valley farms in spring. Later in fall ,  with 
the beginning of cold rains, the animals would again return to the rocky 
areas. Taylor (1935) writes of movements to lower elevations in 
winter, but points out that migratory movements are not universal,  
as individual animals can be found in the spruce type in winter as well 
as in the pinon type in summer. In British Columbia animals are 
known to go to high mountain meadows above timberline in spring 
(Taylor, 1935). According to Taylor (1935), well defined travel-ways 
can be found in the Southwest. Ridges, gulches, and creek bottoms 
are apparently favorite routes of travel and are easily distinguished 
by the presence of current and past feeding in trees. Information 
regarding porcupine movements in western Montana is very meager. 
One extensive migration observed by Cox (1936) is described as a 
mass downward movement during an early heavy snowfall in an area 
that is now part of Glacier National Park. 
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It appears that distinct seasonal movements occur more in some 
localities than in others. However, some movement to places that 
offer greener food during the summer apparently occurs in all  parts of 
the animal's range. 
The daily cruising radius of a porcupine is small.  The fact 
that individual animals will  spend days in a particular area or even in 
one tree is mentioned by several authors (Seton, 1928; Taylor, 1935; 
and Schoonmaker, 1938). 
Working in eastern United States, Struthers (192 8) reports that 
porcupines make use of run-ways when traveling to favorite feeding 
grounds. Curtis (1944) writes that the same route may be used between 
dens and feeding grounds for at least a distance of 330 feet.  
Breeding. According to Struthers (1928) and Burt (1946), por­
cupines reach sexual maturity in the third year. Taylor (1935) says 
females mate for the first time during the second ye^r. More recently, 
Shadle (1952) reports of a 16-month old male impregnating a mature 
female . 
Mating activity by porcupines begins about the first week in 
November and is usually finished by the first of December (Struthers, 
192 8).  The gestation period is about seven months. In spring usually 
one young is born (Shadle, 1948). In the Southwest, Taylor (1935) 
states that the young are born between the last week in March and the 
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middle of June. A newborn porcupine weighs approximately 1 pound, 
and has fully-developed quills which become functional as soon as they 
are dry (Shadle, 1954). Young animals soon learn to lead independent 
l ives. Taylor (1935) estimates the suckling period to be about 7 weeks, 
although animals he observed in cages suckled all  summer and even in 
early fall .  Shadle (1951) writes that laboratory animals nurse until  
the age of 4-5 months. 
Numbers .  Seton (1928, p. 608) writes that two or three por­
cupines could be seen in one day in certain parts of the Adirondack 
Mountains, but adds, "There are, I suspect, few places today where 
they are at all  numerous." This author also reports porcupines de­
creasing as the fisher (Martes pennanti) moved into an area, and 
also of porcupine increases as the fisher was trapped out. Spencer 
(1946) states that the porcupine has benefited from man^s activities 
in certain areas. Land clearing for agriculture, or by logging and 
forest fires, has created favorable habitat for this rodent. For exam­
ple, crop lands bordering forest lands provide summer food that is 
well liked by this rodent. Open woodlands also provide more her­
baceous summer food than do the closed forest stands. An increase 
in porcupine numbers in recent years is also credited to the decrease 
in natural predators. The fact that many persons regarded the por­
cupine as a possible food supply for lost persons may have influenced 
man's attitude toward the porcupine and provided it with a measure of 
protection. 
Taylor (1935) states that porcupines may be subject to cyclic 
fluctuations, with peak populations occurring at 14 to 17 year intervals.  
He adds, however, that no conclusion regarding cycles in porcupine 
numbers can be drawn because of insufficient evidence. More recently, 
Spencer and Hill  (1949) report that there is some evidence that porcu­
pine numbers may fluctuate over a period from 10 to 30 years, due to 
natural causes. 
Local density estimates of porcupines are quite variable. In 
Wisconsin, Spencer (1950) estimated one animal for each 10 acres 
in a hardwood-hemlock forest.  Shapiro (1949) found about one animal 
per 52 acres in New York. During the winter, Curtis (1944) found 
between 20 and 28 animals per square mile in Maine. The density 
figure by Curtis was obtained by men following compass lines, spaced 
at 50-foot intervals.  Each man looked for the presence of fresh tracks 
in the snow as well as scars and pruned foliage. When these evidences 
were spotted the men would converge and search the immediate area to 
locate the porcupine. An estimate of porcupine density in various cover 
types in upper Michigan was achieved by interviewing deer hunters in 
fall  who provided information on porcupines seen and killed, and the 
cover type in which animals were found. The density estimate in this 
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study was roughly 2 animals per square mile (Golly, 1957). 
Predators, parasites,  and disease. Mammals considered natur­
al enemies of porcupines include the fisher, mountain lion (Felis con-
color) , bobcat (Lynx rufus),  coyote (Canis latrans),  and fox (Vulpes 
fulva) (Taylor, 1935; Hawley, I960). Seton (1928) considers the fisher 
the chief natural enemy of the porcupine. This carnivore apparently 
has the speed and size to kill  porcupines and is not harmed by the 
quills (Cook and Hamilton, 1957; Anon. I960). The mountain lion is 
one of the most important predators of porcupine in the Southwest 
(Taylor, 1935; Robinette , Gashwiler and Morris,  1959). 
From stomach and scat analysis it  appears that the porcupine is 
a common prey for bobacats (Rollings, 1945; Pollack, 1951). Quills 
found in the bobcat's stomach and large intestine caused no apparent 
harmful effects (Westfall ,  1956). However, a report of a bobcat blinded 
and in poor condition as a result of porcupine quills suggests that bob­
cats have some difficulty when capturing this rodent (deVos, 1953). 
Coyotes and foxes are also known to attack porcupines but 
according to Taylor (1935) are not as skillful as cats.  Keller (1935) 
reports of witnessing a coyote killing and eating a porcupine. Hamilton 
(1935, p. 18) writes that, "The fox certainly feeds upon the porcupine 
occasionally, for analysis of stomach contents show quills,  fur, and 
flesh of this animal in four stomachs examined. .  .  " Working in 
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Massachusetts,  MacGregor (1942) found that fox stomachs showed no 
sign of inflamation due to quills.  
Other natural enemies of the porcupine include bears (Ursus sp.),  
wolves (Canis nubilgs),  and wolverines (Gulo luscus) (Taylor, 1935). 
Seton (192 8) mentions eagles and great horned owls as potential enemies 
of porcupines. To what extent these animals successfully overcome 
porcupines is not definitely known. 
Porcupines are usually found with an abundance of parasites re­
presenting only a few species. Important external parasites include 
the mite (Sarcoptes scabei) (Payne and O'Meara, 1958), the louse 
(Eutrichophilgs setosus) and the ticks (Ixodes cookeri and Dermacentor 
andersoni) (Jackson, 1961). 
Roundworms and flatworms are often found in abundance in por­
cupines. Chandler (1936) reports that two species of Schizotaenia (S. 
americana and S . variabilis) are common in this r^odent throughout its 
entire range. Roundworms found in porcupines include members of 
the following genera: (Dipetalonema), (Dirofilaria),  (Molinema), and 
(Wellcomia). A complete list of known external and interlal parasites 
of the porcupine has been prepared by Jellison (1952), 
Reports of disease in porcupine are few. Taylor (1935) says 
animals are found with tumors and abnormal skin growth, and that 
scours and intestinal congestion occurred in animals he observed in 
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captivity, Cahalane (1947) states that porcupines are susceptible to 
tularemia. A heart condition in which the left side of the heart was 
atrophied has been reported by Rush (1927). 
F ood habits.  Porcupines select succulent plants of many species, 
and the buds, leaves and inner bark and cambium of many kinds of trees 
(Gabrielson and Horn, 1930). Preference for particular species changes 
seasonally and obviously varies throughout the animal's range. Curtis 
(1944, p. 89) states that porcupines .  .  show a preference for one 
species over another depending on those available. In Maine, northern 
white cedar (Thuya occidentalis),  hemlock (Tsuga canadensis),  and beech 
(Fragus grandifolia) are the most favored, but in Massachusetts,  sugar 
maple (Acer saccharum) and basswood (Tilea glabra) are selected. Pon-
derosa pine (Pinus ponderosa) is favored in the Southwest, and northern 
white pine (Pinus strobus) in the Lake States." 
Curtis and Kozicky (1944) report that animals readily eat poplar 
(Populus sp. ) and basswood leaves inspring, and also feed exclusively 
on the previous year's growth of coniferous foliage. The porcupine's 
preference for lily pads is reported by Schoonmaker (1930). 
Foliage and inner bark of trees is the chief food of porcupine 
during winter months in the Gi^eat Lakes region. Important conifers 
utilized in this area include balsam fir (Abies balsamea) hemlock 
(Tsuga canadensis),  black spruce (Picea mariana), white spruce (Picea 
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canadensis) and several species of pines (Pinus sp.).  Preferred de­
ciduous trees are willow (Salix sp,),  beech (Carpinus sp. ) birch 
(Betula sp. ) and maples (Acer sp. ).  In summer poreupines feed on 
herbaceous materials,  especially near water edges, although the 
animals may also feed on trees (Jackson, 1961). According to Stoeckeler 
(1950) hemlock foliage is a highly preferred winter food in Wisconsin. 
The porcupine's food habits in the Southwest were studied in de­
tail  by Taylor (1935). Based on stomach analysis Taylor found that 85 
per cent of the porcupine's summer food was ground gathered while the 
remainder was taken from trees. During the fall  only 2 8 per cent was 
taken on the ground while 72 per cent was made up of tree materials.  
In the winter all  stomachs examined by Taylor contained exclusively 
tree-gathered materials.  The spring collections showed that 61 per 
cent was tree gathered and 39 per cent ground material,  which indicates 
the animals take advantage of the additional food supply when the snow 
cover disappears. Important plant foods of porcupines in the Southwest 
include buckbrush (Ceanothus fendleri) and lupine (Lup inus sp, ).  
Ponderosa pine and lodgepole pine (Pinus contorta) are principal trees 
fed upon by porcupines in much of the Southwest* Taylor (1935) also 
writes that yellow pine mistletoe (Arceuthobium campylopoda) was 
commonly found in stomach and fecal examinations, and that porcupine 
damage was often seen in mistletoe-infected trees. Porcupine feeding 
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has also been associated with the presence of the Comandra Blister 
Rust (Cronartium comandrae) in lodgepole pine (Mielke, 1957). Work­
ing in northeastern Utah, Svihla (1931) reports that porcupines also do 
considerable feeding on pinon pine (Pinus sp, ) and spruces (Picea sp, ).  
Reynolds (1957) states that Ocotillo (Fouquieria splendens) may be an 
important food for porcupines in the desert-shrub country of -Arizona. 
In Oregon, Gabrielson (1928) found that porcupines utilize buck-
brush (C^anott^^ along with farm crops such as alfalfa, carrots, 
lettuce, cabbage, and sweet corn, for summer food. During the winter, 
Gabrielson states that porcupines turned to trees and fed chiefly on 
ponderosa pine, lodgepole pine, and sugar pine (Pinus sp. ).  
Little attention has been given to the porcupine's food habits in 
western Montana. A damage survey by Jonkel et ah (1956) in ponderosa 
pine stands revealed that ponderosa pine and lodgepole pine were most 
preferred by porcupines. 
It is important to note that past studies reveal a definite seasonal 
change in the porcupine's food habits.  How consistent and exact this 
change is not well known. Climatic factors such as temperature, 
rainfall ,  and snow cover may influence the animals foraging habits.  
The daily food intake of porcupines is not well known. The 
Southwestern Fores t Experiment Station of Arizona reports that 
feeding experiments showed that animals removed 34 square inches of 
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bark in one night (Seton, 1928). Another animal took I 9 6  square inches 
in 6 days concentrating on two large trees and 17 small trees. A third 
animal fed on 71 seedlings and 5 large, young pine trees, and removed 
300 square inches of bark in 6 days. Taylor (1935) reports of experi­
mental feeding in two porcupine yards. In one yard, 2 8 square inches of 
inner bark was removed by one porcupine per day in addition to un­
measured amounts of buclferush and other ground vegetation. In the 
other yard, the removal of bark increased to 53 square inches per 
porcupine per day. 
Eadie (1954) found that captured porcupines contained about two 
and one-half pounds of food or about 10 per cent of their body weight. 
Taylor (1935) found that weight of stomach contents in summer was 4.7 
per cent of body weight and 2 8 per cent of body weight in fall .  
When feeding in trees, porcupines pull off and reject the outer 
flakes of bark until  the soft inner wood is exposed. Feeding is usually 
done where the animal finds a good place to sit.  The animal seldom 
clings below branches when feeding (Taylor, 1935). 
The porcupine's fondness for salt is well known (Seton, 1928) 
and has led to the development of salt strychnine poison for control work. 
The use of a mineral spring that was high in calcium chloride and 
sodium chloride by porcupines was reported by Dixon (1939). Murie 
(1926) states that in northern A laska porcupines apparently obtained 
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mineral substances by licking or chewing fine sandy soil  from bars and 
river banks. 
Taylor (1935) found that all  animals he worked with in captivity 
were willing to take water. Individual differences in water consumption 
are described by Shapiro (1949), who witnessed a porcupine that traveled 
about 55 feet from its den to an open pool.  Another animal the same dis­
tance from the water did not attempt to drink in the pool.  Additional 
notes on porcupine food habits in the forest are discussed later under 
forest dama ge. 
Habitat requirements. Porcupines occur in many different habitat 
types throughout their range. Taylor (1935, p. 19) writes that porcupines 
are found, .  .with certain outstanding exceptions, throughout the forested 
area of the continent of North America, mainly in Hudsonian, Canadian, 
and Transition zones. " Working in eastern United States , Curtis and 
Kozicky (1944) found that porcupines preferred the hardwood-hemlock 
type for winter feeding. In Connecticut, Roth (1957) states that rocky 
areas within a mixed conifer and hardwood type forest is preferred by 
this rodent. The hardwood-hemlock forest is also preferred by por­
cupines in the Great Lakes region (Jackson, 1961; Krefting_^^. , 1962). 
In the Rocky Mountains and Northwestern states porcupines are 
generally associated with the ponderosa pine type forest (Gabrielson and 
Horn, I93O; Jonkel et al.  , 1956; Lawrence, 1957). Reynolds (1957) 
states that the normal habitat in southwestern United States is pinon-
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juniper or ponderosa pine, but that animals have been observed up 
to 120 miles from this habitat type. While working in interior Alaska, 
Murie (1926) noted that during the summer porcupines were found 7 miles 
and more beyond the upper edge of the woodland. 
Taylor (1935) writes that porcupines in the Southwest are attrac­
ted to ground plants and rely on them all open seasons of the year. This 
writer also states that in closed pine forests where ground cover is 
sparse porcupines are not abundant. The porcupine's attraction to more 
open areas, and along streams and ponds, especially in spring is also 
reported by Spencer (1946). He thinks that these areas offer more of 
the preferred herbaceous plants than are present in heavy forest stands. 
A marked preference for streams and creeks where cottonwood 
(Populus sp. ) and aspen are abundant is also recorded by Taylor (1935). 
Farm crop lands including apple orchards are frequently visited by por­
cupines (Spencer, 1946). Other habitat characteristics which influence 
porcupine abundance and distribution include old buildings, salt l icks, 
and rocky ledges (Hosley, 1931; Anon., 1955). 
In the Southwest porcupines favored ridges and gulches to near­
by flats occupied by climax forests.  Taylor (1935) states that the greater 
variety of plants on ridges than in the flats may have partially accounted 
for this preference. Jonkel et al.  (1956) found that western and southern 
exposures were favored by the porcupine in ponderosa pine stands of 
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western Montana. These workers also report that more damage oc­
curred in pine stands where soils were of l imestone development. 
Exposure was considered important in influencing the distribution 
of porcupine den sites in Oregon, Gabrielson (1928) states that most 
dens were found on a southerly exposure. The nature of dens and their 
use by porcupines vary throughout the animal's range. Fallen logs, 
piles of brush, hollows in tree bases, old buildings, and rock piles and 
ledges are included in the l ist of potential porcupine dens (Nelson, 1918; 
Curtis,  1944). Dens used year after year are characterized by an 
abundance of scats,  and are usually without bedding or stored food 
(Gabrielson and Horn, 1930; Spencer, 1950). Gabrielson (1928) states 
that Large rock dens, as found in Oregon, are apparently used by 
several animals, while smaller dens are utilized by females for rearing 
young. In the eastern United States, Shapiro (1949) found that dens were 
not located on any particular exposure. He was also of the opinion that 
dens were not selected for protection against cold temperatures, but 
rather as protection from wind and snow and possibly from predators .  
Spencer (1950) writes that in the Rocky Mountains and south­
western states the yellow-haired porcupine sometimes spends the day­
light hours in a '^rest tree" instead of a den. Taylor (1935) writes that 
the medium-sized trees are preferred for resting. 
Site factors inherent in timber stands, such as stocking, tree 
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size and age, and tree form, are also considered important factors in 
the porcupine's environment. Lawrence (1957) states that the effect of 
certain site factors, such as stocking and age of forest stands, ground 
vegetation type, and water availability, vary seasonally with a change 
in animal habits.  
In summarizing habitat characteristics it appears that the por­
cupine is at home in various forest types, and can also readily adapt it­
self to non-timbered vegetative cover. Thi?fc is  of economic importance, 
as it makes the problem of control in certain areas more difficult than if 
the animals were concentrated in restricted vegetative types (Taylor, 
1935). 
Damage 
Porcupine damage may be grouped into two general types, namely, 
forest and non-forest damage. Both typ^s are primarily a result of the 
animal's feeding activities,  but occasionally the porcupine's quills are 
responsible for additional damage. 
Non-forest damage. In agricultural areas porcupines are at­
tracted to grain fields, gardens and orchards. In grain fields the 
animals probably trample down more grain than is actually eaten. Fruits 
are readily taken in orchards, and some limbs may be broken when the 
animal attempts to get at the fruit (Spencer, 1946). In the western states, 
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Gabrielson and Horn (1930) state that damage to cultivated crops 
occurs mainly during the spring and summer months, when these 
areas offer succulent vegetation. 
Reports of animal injury from porcupine quills are well known 
(Pulling, 1945; Quick, 1953). Spencer (1954) reports that dogs, cattle,  
horses, and wild game animals occasionally suffer fr om porcupine quills.  
Forest damage. From the economic standpoint porcupine feed­
ing on trees results in the most serious damage. However, the extent 
and severity of forest damage is not accurately known, although various 
loss estimates have been made. A single porcupine in its l ifetime is 
said to be capable of destroying $6000 worth of timber (Anon. , 1956). 
Another report states that one animal can and often does damage or 
kill  as many as 100 trees in one winter (Anon. , 1952). Heacox and 
Lawrence (1962) report an average annual loss of $ 125 , 000 on 250, 000 
acres in the Pacific Northwest in ponderosa pine ranging from natural 
reproduction to pole-size timber. 
Working in hardwood-hemlock type forest in Massachusetts 
Curtis (1941) found 3 per cent ofthe merchantable trees damaged, with 
the highest damage occurring near dens. A survey by Stoeckeler (1950) 
in Wisconsin also in the hardwood-hemlock type showed 9. 1 per cent of 
all  trees with severe damarge and 9.2 per cent with slight damage. 
Spencer (1950) writes that over an extensive area in the pinon-
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juniper belt of southwestern Colorado, 85 per cent of the pinons over 
4 inches in diameter had porcupine scars. Two surveys conducted in 
1955 and 1956 in western Montana (Jon.kel^^ aJL , 1955, 1956) showed 
that 6.2 per cent of ponderosa pine crop trees  ̂  were damaged in plan­
tations and 5.8 per cent of ponderosa pine crop trees were damaged in 
natural stands. Damage information, in the western Montana surveys, 
was gathered from trees located on variable plots randomly distributed 
in ponderosa pine stands at the rate of 1 plot per 2 acres. 
Damage surveys in Maine showed that porcupine damage ac­
counted for timber losses of 13 cents an acre or one-half of one per 
cent of the total stand value (Curtis,  1946). Shapiro (1949), working 
in New York, calculated the annual loss due to porcupine damage at 
4.6 per cent of the yearly increment. Stoeckeler (1950) estimated the 
damage loss at 2 0. 8 cents per acre per year in hardwood forests in 
the Great Lakes region. An estimate by Hunter (seen in Curtis,  1941) 
Crop trees here is based on definition taken from Forest 
Service, U.S.D.A., 1955. Timber Resources Review. Preliminary 
Review Draft.  Processed. "For T imber Resource Review purposes 
crop trees were defined as trees of desirable or acceptable species as 
specified in the individual type group descriptions and which by local 
experience have proved their ability to produce commercial wood 
products on the site under examination and, if below commercial size, 
show capability of growth to merchantability by reason of their form, 
vigor, crown position, and freedom from injury, disease, and para­
sites.  Only mature specimens or those capable of making good 
growth at the time of examination qualified as crop trees. Ability of 
a young tree to survive a period of suppression and eventually develop 
into a crop tree did not qualify such a tree to be counted as contributing 
to stocking. " 
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in northwestern Colorado, where lodgepole pine was the main food of 
porcupines, showed damage losses ranging from 0.45 cents to $1. 10 
per acre. This loss is the difference between the stumpage value of 
green and porcupine-killed timber. The 1955 survey in v/estern Montana 
pine plantations by Jonkel et al.  (1955) showed the average loss in ex­
pected timber values at $1.66 per planted acre. The authors considered 
this a conservative estimate as this value is based only on girdled crop 
trees. 
Curtis (1944) states that one method of assessing damage loss on 
a financial basis is to calculate the loss in terms of log length decrease 
due to scarring, and another would be to cut logs in usual lengths, and 
then calculate the reduction in the value of the sawed boards. The 
latter method he believed would be more accurate but harder to follow 
through. Curtis (1941) concludes that consideration of the ultimate 
value of the stand rather than individual tree damage is necessary to 
properly appraise any form of damage. And, to avoid miscalculating 
porcupine damage, Curtis and Wilson (1953) point out the need for more 
careful examination of different age classes of forest types and 
plantations .  
Lawrence (1957) has classified damage in 3 types: (1) top 
girdling which kills the terminal along with one or several whorls of 
branches, (2) basal gnawing which can girdle and kill  the tree, and 
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(3) clipping of small branches, a type of damage considered relatively 
insignificant. Two other types of damage include scarring without 
girdling and damage to young seedlings (Jonke 1 et al.  , 1955). In 
seedlings of ponderosa pine, porcupine feeding is usually done at the 
base, whereas in older trees it is done more in the upper portions of 
the bole (Lawrence, Kverno, Hartwell,  1961). 
Taylor (1935) states that porcupine damage may have little ef­
fect,  or even be beneficial because of thinning seedlings and saplings 
where trees are over-abundant. However, he also says that damage may 
prohibit reforestation if seedlings are scarce or scattered. Considering 
the wide range of habitat types the porcupine inhabits,  it  is apparent 
that porcupine feeding may be found in many forest types and in many 
degrees of seriousness. Past studies, however, have pointed toward 
certain tree and stand characteristics which are closely associated 
with persistent porcupine damage. 
Shapiro (1949) writes that any size may be attacked but that trees 
between 2 and 10 inches diameter breast height were preferred in New 
York. Rudolph (1949) found the heaviest feeding in the larger trees where 
a range of diameters of 3-7 inches existed. Working in northern hard­
woods, Krefting et al.  (1962) reports a preference for trees by por­
cupines in the 9-15 inch diameter class. 
Taylor (1935) found that trees from 3 feet tall  to about 12 inches 
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d.b.h, were most frequently fed upon by porcupines, and that the 
most serious damage occurred in the 4-10 inch d.b,h. class. Working 
in ponderosa pine stands in central I daho, Curtis and Wilson (1953) also 
found that porcupine feeding increased up to the 10-inch d. b, h. class, 
with little or no feeding found in trees 13.9 inches d.b.h. or over. 
Curtis and Wilson (1953) found more damage in dominant trees; 
that is,  trees with crowns extending above the general level of the forest 
canopy. Spencer (1946, p. 198) writes that for any given species the 
porcupines prefer the dominant trees, and that ideal feeding conditions 
exist where a ".. .  large grouping of thrify trees.. ." are present. On 
the other hand, Taylor (1935) reported that trees with low vitality 
and abnormal crown characteristics resulting from unfavorable site,  
appeared to be more susceptible to porcupines for feeding, but adds 
that these tree conditions could be either causes or effects of porcupine 
damage. 
Working only in pole-sized ponderosa pine forests,  Curtis and 
Wilson (1953) found a higher percentage of stems fed on in the denser 
pole stands. Jonkel et al.  (1956) reports a higher rate of damage in 
the less dense stands. In the Southwest Taylor (1935) found that more 
porcupine feeding occurred in cut-over stands than in virgin stands in 
each size class .  
Knowledge of porcupine damage in relation to various timber 
stand and tree characteristics is important to forest managers and 
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should be considered in silvicultural planning and in initiating porcu­
pine control programs. 
Control 
According to Lawrence (1957) porcupine reduction can be at­
tained either by natural or direct control measures. Natural control 
may involve our knowledge of silvicultural methods, and manipulation 
of the porcupine^s environment. For example, Curtis and Wilson 
(1953) suggest thinning pole thickets where dense thickets are preferred 
by this rodent. Curtis (1941) states that in certain areas, damaged 
trees could be retained in the stand for future porcupine use, since 
porcupines are known to revisit previously attacked trees. Pruning 
the lower branches in valuable crop trees may discourage porcupines 
from climbing and subsequently prevent damage (Curtis and Wilson, 
1953). A proper balance of predatory animals which can capture por­
cupines offers another means of reducing porcupines to a compatible 
level.  Curtis and Wilson (1953) state that encouragement of natural 
predators and silvicultural practices such as pruning would probably be 
the most efficient and economically sound control program. 
Where porcupine reductions were determined necessary in 
local forested areas, direct control has been attempted by either 
hunting, trapping, poisoning, and fencing. Hunting can be inexpensive, 
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provide recreation, and not harm game and other wildlife (Spencer 
and Hill ,  1949) .  Trapping is effective around dens and along travel 
routes used by animals when entering and leaving fields. A size 
or 2 steel trap is usually employed for porcupine trapping (Knowlton 
and Bruce, 1954). 
Successful poisoning programs have been reported in some 
local forested areas (Anon. , 1955). A common poison mixture used is 
1 ounce of powdered strychnine mixed with one pound of finely crystal­
lized table salt.  More recently a powder forna of sodium arsenite in­
serted in apples proved effective in controlling porcupines in the 
Northeast (Dodge, 1959; Faulkner and Dodge, 1962). Faulkner and 
Dodge (1962) recommend baiting during the winter months when animals 
spend more time in dens in northeastern United States. A poisoning 
program demands extreme caution because of its danger to stock and 
wildlife,  and should only be conducted under careful supervision 
(Gabrielson and Horn, 1930). The use of an electric fence to protect 
special areas has been described by Spencer (1948). This measure may 
have limited application because of the cost involved. 
Recently the use of systemic chemicals are receiving much atten­
tion. Chemicals are being tested which would lepell rather than kill  
wildlife (Spencer, 1958; Spencer, 1962). This method may provide 
another method of reducing porcupine damage in valuable timber stands. 
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Despite all  this previous work, there are still  certain aspects 
of the porcupine problem, such as the size and distribution of heavy 
feeding areas, the effect of damage on growth losses to timber produc­
tion, and the effectiveness of direct control measures, which need fur­
ther study. In an attempt to gain a better understanding of these mat­
ters the following investigations were undertaken: First,  a survey was 
made to study the nature of porcupine concentration areas in ponderosa 
pine stands of western Montana. Second, a study was conducted con­
cerning the effect of damage on the radial growth in ponderosa pine, 
and finally, an evaluation was made of hunting as a measure for reduc­
ing porcupine damage in ponderosa pine. The results of these investi­
gations are presented next in the same order as shown above. 
CONCENTRATION AREAS 
Heavy porcupine feeding in plantations, as well as in timber 
stands near dens, old camp grounds, and along travel-ways, have been 
considered porcupine concentration areas by previous writers. In cer­
tain parts of the Catskills,  Seton (1928) noted where porcupines were 
concentrated a mile or two around old camp sites.  Cook and Hamilton 
(1957) write that, although critical areas are not as abundant in the 
Northeast as in some western states, local concentrations do exist.  
These authors cite the report of a camper in New York who shot 34 por­
cupines in 3 days around his camp site.  In Vermont porcupines are re­
ported to be attracted in large numbers to Scotch pine (Pinus syIvestris) 
and Norway spruce (Picea abies) plantations (Anon. , 1959b). Working 
in rocky areas well suited for porcupine dens, Curtis (1941) estimated 
damage at various intervals from rock ledges and found the highest 
damage nearest the denning sites.  
In the Northwest, Gabrielson and Horn (1930) state that animals 
concentrate late in fall  and winter where food and shelter are easily 
found. In Oregon, Gabrielson (1928) found dens with heavy and con­
tinued use in rock slides and talus slopes next to thick stands of pon-
derosa pine and water. Also in the Northwest, heavy porcupine feeding 
is reported along streams, salt l icks, ridges, trails and abandoned 
homesteads (Anon. , 1955). 
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According to Spencer and Hill  (1949), porcupines were unevenly-
distributed in the Harney and Black Hills National Forests.  They report 
that rock ledges and caves, burnt over and thinned areas, and open 
parks and meadows near water furnish excellent winter habitat,  and con­
sequently, intensive porcupine feeding is evident in the vicinity of 
these places .  
Taylor (1935) states that after a more critical examination of 
forested areas he became more aware of heavier animal abundance in 
certain areas than in others. However, he also states that the factors 
affecting porcupine distribution are not fully known. 
Areas of heavy damage to timber species are usually not the re­
sult of porcupine feeding during one season only. Spencer and Hill  
(1949) point out that a timber stand can often withstand the feeding ac­
tivity for one year but that damage accumulated from year to year over 
the entire life of the stand is of real concern. 
No previous study has been reported of the extent of heavy porcu­
pine feeding areas in western Montana. The damage survey by Jonkel 
et al,  (1956) in western Montana showed that certain habitat factors 
such as tree species, size and density, and aspect appeared correlated 
with the amount of feeding on trees, suggesting that units of porcupine 
concentrations existed in western Montana. 
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Methods and Measurements 
Selection of areas. Knowledge of the occurrence of porcupine 
damaged areas was obtained from National Forests in Region One of 
the U.S. Forest Service. Each Forest Supervisor was asked to submit 
a map indicating the location of damage areas in each ranger district,  
as well as timber type, and age of the stand. In addition, they were 
asked whether the damage was current or past,  or both. 
Fourteen of the 16 National Forests in Region One replied to the 
questionnaire. National Forests covering western Montana which re­
ported were given first consideration since they had been previously 
covered by the random survey in natural ponderosa pine type stands by 
Jonkel et al.  (1956). The 1956 survey showed that approximately 6 
per cent of the total crop trees were damaged. By selecting heavy 
feeding areas in these forests,  it  would then be possible to see how 
much of the over-all  damage could be accounted for in concentration 
areas. This information would be useful to forest managers in as-
s igning priority to certain areas for control purposes. 
Potential study locations were therefore selected from the map-
indicated areas received from western Montana National Forests.  Only 
ponderosa pine stands (at least 50 per cent of all  trees were ponderosa 
pine) were selected. Both natural stands and plantations of all  ages 
qualified as potential study areas. 
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To delimit the most critical areas, each map-indicated damage 
area was discussed with district personnel.  These talks provided more 
information on the exact location of heavy feeding areas, and also drew 
attention to additional damage areas which were not reported earlier. 
This does not imply that areas considered critical feeding places by the 
district personnel were the only ones examined. But rather, each map-
indicated ponderosa pine stand having noticeable porcupine feeding was 
examined as a possible concentration area under the criteria set up 
for this study. Thus, an attempt was made to survey all  the known 
heavy feeding areas in as many districts as possible in National Forests 
of western Montana. 
Field procedures. After arriving at a map-indicated area, a 
walking reconnaissance was made through the stand to see if it  qualified 
as a concentration area or sample area. A standard rate of damage 
which constitutes heavy damage is not known. Therefore, the following 
criteria were used to select concentration areas as part of the study 
sample. First,  the area must be recognized as a problem area by the 
ranger district.  Second, noticeable damage had to be commonly ob­
served during the walking reconnaissance, and finally, both r ecent and 
past porcupine feeding had to be observed. Recent damage is feeding 
which took place within two years of the investigation, or in terms of 
the tree, a 2-year old damaged tree was one showing one annual growth 
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ring overlying the scar in addition to the growth being put on at the 
time of examination. Past damage was older than 2 years. These 
trees showed more than 1 annual growth ring overlying the scar tissue 
in addition to current growth. Damage age was determined by cutting 
a notch into the scar edge on the stem and counting the overlying annual 
rings (Figure 1).  
If the area showed persistent damage and qualified as a concen­
tration area, an attempt was made to delimit the most heavily damaged 
portion of the area. If conspicuous, heavy damage covered the entire 
pine stand, the study area boundary included the whole stand. If only 
a portion of the stand showed conspicuous, heavily damaged areas, 
only the heavy portions were included, thus excluding the fringe or 
more lightly damaged sections. If,  after the area boundary had been 
established, additional small segments of timber outside the boundary 
were seen with apparent recent and past damage, they were included 
only if recent damage was present. 
After the area boundary had been established, the total acreage 
was determined for the heavy feeding unit.  Acreage was determined 
either by pacing or using aerial photographs and a dot grid. Each 
selected area was then stratified into sub-areas, depending on the 
variation in exposure, slope, and location on topography (mid-slope, 
base of slope, ridge top). 
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F i g a r e  1 .  A n n u a l  r i n g s  o v e r l y i n g  s c a r  f a c e  o n  p o r c u p i n e  
s c a r r e d  p o a d c r o s a  p i n e .  
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The first transect line, for sampling purposes, was established 
100 feet in from the area boundary where the investigator stopped on 
arrival at the sub-area. A compass was used to direct the transect 
line across the sub-area. Sample plots were spaced at 100-foot 
intervals on the transect line. A new transect was located 100 feet 
from the previous line, and sampling continued until  the required 
number of plots were measured for the sub-area. The same proced­
ure was used to locate sample plots on all  sub-areas for the entire 
concentration area. The sampling rate was approximately 1 plot per 
2 acres. 
Damage measurements. The quater-method (Cottam and 
Curtis,  1956) was employed at each sample plot to select trees 1 inch 
in diameter breast height and over (except in three plantations with 
trees less than 1 inch d.b.h.) for damage measurements. Briefly, 
this method involves dividing the area around the plot center into 
four quarters and selecting the tree in each quarter nearest to the 
plot center. Tree species, d.b.h. , and presence or absence of 
damage on each of the four trees were noted and recorded on a pre­
pared field form (Appendix A). Binoculars were used to examine large 
trees for presence or absence of porcupine feeding. Tree diameters 
were measured to the nearest inch with a diameter tape. Damage 
was recorded as either scarred or completely girdled. A tree both 
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scarred and girdled was recorded as a girdled tree. All four plot 
trees were also examined for insect damage and disease. 
In addition to the overall damage estimate, damage information 
was determined from a crop tree on each plot.  A crop tree was 
selected from one of the four sample trees already used in the overall 
damage estimate. The tree in the front right quarter when facing 
forward on the compass line was first examined as a possible crop 
tree, ^f this tree did not qualify, the observer would pivot clockwise 
and examine the other three trees in order, taking the first one that 
met the crop tree requirements. If none of the four trees qualified, 
the next closest tree in each quarter was examined, using the same 
procedure as described above. 
The guideline followed in selecting a crop tree at each plot was 
based primarily on the crop tree definition as given by the Timber 
Resource Review (see footnote, p. 23 ).  Only dominant and co-
dominant trees, ^ and trees showing evidence of becoming a dominant 
or co-dominant, had it not been for porcupine damage, qualified as 
crop trees. Potential crop trees with misshapen crowns resulting 
from porcupine girdling were accepted as sample crop trees if their 
position on the ground and the shape and color of the bole below the 
girdle indicated that the tree had been a potential dominant or co-
^Co-dominant trees are trees forming the general level of the 
forest canopy; they receive full  l ight from above but comparatively 
little from the sides. 
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dominant before porcupine feeding took place. All selected crop 
trees (1 inch d.b.h. and over) had to show indications of good vigor, 
based on crown characteristics (except girdled trees),  position in 
the stand^ and lack of disease, parasites and injury (except porcupine 
damage). All crop trees were ponderosa pine. 
Damage information collected from crop trees included the fol­
lowing: 
1. Total height and d.b.h. of the crop tree. 
2.  Damage height (if  present).  
3.  Damage type (girdled or scarred; if present).  
4.  Amount of clear bole (the distance between a point 30 inches 
above the ground on the bole to the lowest branch on the tree.) 
The following two measurements were recorded from each 
scarred crop tree: 
1. The number of scars. 
2. The per cent of the bole girdled, if all  scars on the bole were 
visualized at one level on the trunk half-way between the highest and 
lowest scar. 
Thus, there were two damage estimates made in each concen­
tration area: One, of the overall damage which included trees of all  
species, all  ages, and in all  crown classes, and secondly, crop 
tree damage which considered only the dominant and co-dominant 
ponderosa pine crop trees. 
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Site factor measurements. Besides the damage estimates, cer­
tain site factors were noted or measured in each study area. This was 
done primarily to see if certain habitat characteristics were more 
closely associated with heavy porcupine damage than others. Character­
izing heavy feeding areas would enable forest managers to predict 
areas susceptible to porcupine feeding and also aid in planning control 
programs. 
The species and d.b.h. were noted and recorded for all  sample 
trees as mentioned earlier under damage measurements. Density 
(stems per acre) was obtained by measuring the distance to the 4 
trees selected from the center of the plot (Cottam and Curtis,  1956). 
Overstory canopy was estimated by means of a spherical densiometer 
(Lemmon, 1956), taking 4 readings at each plot.  This measurement 
also provided another measurement of tree spacing. If shrubs con­
tributed to the overstory it was recorded on the field form. 
Per cent slope and exposure (aspect) were determined with an 
abney level and compass respectively at various intervals depending 
on variation in topography. The general location of each plot was 
recorded in relation to ridge top, mid-slope, base of slope, stream-
side, or meadow. Plots were recorded as being near a stream-
side or meadow if they were within 300 feet of these two land features. 
An estimate of per cent ground cover at each plot was made 
using a 5-square foot u-shaped frame. Ground cover estimates were 
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made for grass and sedges, forbs , shrubs, litter and bare ground, 
moss and lichens, and seedlings and saplings (less than 1 inchd.b.h.)-
Cover estimates were made by a visual vertical projection of the 
crown area inside the frame (Daubenmire, 1959). 
Additional information was taken on an area basis rather than a 
plot basis.  The amount of rockiness, useful for porcupine denning, 
was estimated in relative terms by observation. Rock slides and 
ledges had to be at least 50 feet on one side and show areas where 
porcupines could find cover. Grazing use on study areas was obtained 
from observation and talking with district personnel.  Elevation for each 
area was taken from U.S. Geological Survey maps and U.S. Forest 
Service maps . 
Results of Questionnaire returns 
Of the 16 National Forests in Region One, all  but the Beaverhead 
and Helena Forests replied to the questionnaire. The Custer National 
Forest reported no areas with noticeable damage. The remaining 13 
forests showed the feeding areas on maps which were prepared by each 
district.  Damage was reported as either current or past,  or both. 
None of the fore sts-questionnaire returns showed an estimate of 
the acreage of the damage areas, but roughly indicated the general 
boundcLries .  
- 4 1 -
Approximately 224 separate areas were reported by the 13 
National Forests as having noticeable porcupine feeding. Of this 
total,  135, or more than one-half,  had ponderosa pine listed as the 
main timber type or mixed with other timber types. Lodgepole pine 
rated as the next most common timber type on porcupine feeding 
areas in Region One. A cpmplete list of the approximate number of 
damage areas reported by each forest is presented in Table I.  
The results of the damage survey in concentration areas of 
ponderosa pine are presented, as follows: The number, location, 
and acreage of the heavy feeding areas is presented first,  followed by 
a description of damage types found in concentration areas. Next, 
the damage intensity estimates are given for all  trees and, also, 
for crop trees, and finally, the results of site factors and their 
relation to various degrees of damage within the concentration areas 
are presented. 
Crop tree damage on c oncentration areas is also compared to 
crop tree damage on the over-all  ponderosa pine type. Damage 
estimates on the over-all  pine type in western Montana are based 
on the 1956 survey by Jonkel et al.  (1956). The original data from 
the 1956 survey was made available by the Timber Management 
Division of the U.S. Forest Service in Missoula, Montana. This 
made it possible to select plots from the 1956 survey located in 
the same districts as plots taken from the I960 concentration area 
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TABLE I. 
APPROXIMATE NUMBER OF AREAS WHERE PORCUPINE DAMAGE 
IS EVIDENT IN NATIONAL FORESTS OF REGION ONE, AS 
REPORTED FROM I960 QUESTIONNAIRE 
National Total Number of Per cent of total 
Forest Number Areas with areas having P. 
of Areas P. pine pine 
Kootenai 36 28 77. 8 
Lewis & Clark 17 6 35.0 
Nezperce 1 0 0. 0 
Coeur d'Alene 14 12 85. 7 
Lolo 45 25 55.6 
Colville 21 11 52. 4 
Deerlodge 4 3 75. 0 
2 
Custer — — - -
St. Joe 26 17 65.4 
Kaniksu 15 12 80. 0 
Gallatin 7 0 0. 0 
C learwater 9 7 77,.  8 
F lathead 9 1 11. 1 
.  3 
Bitter root 20 13 65. 0 
4 
Beaverhead - -
4 
He lena 
TOTAL Z24 135 60. 3 
, Areas having ponderosa pine as the main timber type or with 
ponderosa pine mixed with other types. 
2 
Reported no noticeable heavy feeding areas. 
3 
Darby district only. 
4  
Did not reply to the questionnaire. 
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study, for comparing damage on heavy feeding areas to areas which 
were randomly distributed throughout the ponderosa pine type. 
Results of Concentration Areas and Damage 
Number and location of concentration areas. A total of 25 areas 
were classed as heavy feeding areas during the I960 survey. Two 
more areas were included during the 1961 field season. It is assumed 
that all  the 2 7 areas (see Table II) represent practically all  the heaviest 
porcupine feeding areas in the 10 districts of the 4 National Forests 
surveyed in western Montana. 
A few of the map-indicated areas for each district were rejected 
for not meeting the concentration area requirements as set up for this 
study. Rejected areas included plantations and natural stands where 
stand improvement work had been carried out. Damage was present 
in these areas, but a critical examination showed no recent damage 
or evidence of persistent damage. Also, two areas near Forest Service 
fire towers were rejected, as these two were reported on the basis of 
observing animals rather than the incidence of damage in the forest 
trees. Several other drainages were omitted because they were 
located on private rather than Forest Service land of Region One. 
The approximate location and distribution of the 27 study or concen­
tration areas is shown in Figure 2. 
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TABLE II 
ACREAGE AND LOCATION OF PORCUPINE CONCENTRATION AREAS 
INCLUDED IN I960 and 1961 DAMAGE SURVEY IN WESTERN 
MONTANA 
National 
Forest District Area 
Flathead Condon Gordon Ranch 
Kootenai Fortine ^Plantation-3 
^Plantation-2 
" ^Thirst Lake 
Rexford ^Banks Draw 
" Pinkham Creek 
" ^ock Spring 
Warland Canyon Creek 
Crippled Horse 
Bitter- Darby Robbins Galch 
root " Chaffin Creek 
" Trapper Creek 
" Lost Horse 
Lick Creek 
" "^Whitsell  Gulch 
4 " Como Lake 
Lolo Thompson Falls Clear Creek 
" Lynx Creek 
" C he rry C reek 
Plains Henry Creek 
Superior Deep Creek 
Nemote 
Lolo Oriole Creek 
" Lolo Springs 
Nine Mile South Fork 
" Spring C reek 
" ^Blue Ridge 
TOTAL 
Twp. Ran^Sec. Elevation Acreage 
19N 16W 4 4000- 42 00 12 
35N 25W 18 3400- 3600 34 
35N 2 7W 1 3000- 3100 20 
36N 2 7W 35&35 3000- 3100 40 
35N 2 7W 3&4 3600- 3800 32 
36N 2 8W 33&34 30 00- 32 00 60 
36N 2 8W 35 3000- 3200 20 
3 IN 2 8W 25&30 3600- 3800 102 
31N 2 8W 5 &6 3600- 3800 108 
2N 2 0W 9&10 4800- 5000 100 
2N 2 IW 3 4800- 5000 60 
2N 21W 27 4600- 4800 72* 
4N 21W 18 4000- 4200 40 
4N 21W 29&30 42 00- 4400 160 
2N 2 0W 4 4400- 4600 150* 
4N 21W 29 42 00- 4400 100 
2 IN 31W 1 3600- 3900 40 
2 IN 2 8W 32&33 4800- 5000 100 
2 ON 2 9W 1&12 3800- 4000 50 
19N 25W 5&:6 3600- 3800 36* 
16N 25W 25 3800- 4000 20 
15N 24W 9 3600- 3800 40 
12N 15W 14&15 3800- 4000 40 
12N 15W 36 4400- 4600 18 
13N 2 3W 35 4400- 4600 38 
16N 22W 29&32 3600- 3800 100 
17N 2 3W 31&35 3600- 3800 94 
16 86 
Plantation with trees under 1 inch d.b.h, 
2 
Plantation with trees greater than 1 inch d.b.h, 
3 
Area was spot planted. 
4 
Added from 1961 survey. 
=^Includes a small amount of private land. 
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M i s  s  o a l a  
H a m i l t o n  
a r e  2  D i s t r i b a t i o n  o f  2 7  h e  
f o r e s t  d i s t r i c t s  o f  
a v y  p o r c a p i n e  f e e d i n g  a r e a s  i n  1 0  
w e s t e r n  M o n t a n a ,  I 9 6 0  a n d  1 9 6 1 .  
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Concentration area acreage„ The total acreage of concentration 
areas amounted to 1686 acres. The average size of the 27 areas was ap­
proximately 62 acres, with a range from 12 to 160 acres e 
The total acreage of heavy feeding areas appears quite small 
in terms of the total acres of ponderosa pine type. As shown in Table 
III about 309,519 acres of ponderosa pine type is present in the 10 
districts covered in this survey. Concentration areas as determined 
by this study make up about 0,54 per cent of the total ponderosa pine 
type in these 10 districts.  Or, in other terms, about 99 per cent of 
the total ponderosa pine type in the districts surveyed shows less 
intense damage than that found on the 1686 acres of heavy porcupine 
feeding areas, 
Although the area of heavy porcupine damage appears to be 
insignificant in terms of the total area of ponderosa pine type, it  is 
possible that damage to a certain tree size class may be more im­
portant than when all  size classes are considered. Damage and tree 
size is discussed in more detail  later under d.b.h. and damage 
intensity. 
Damage types o Before presenting the results of porcupine 
damage intensity in the concentration areas , a description of the 
damage types found in heavy feeding areas should be given. These 
descriptions are based exclusively on observations made during the 
TABU: III. 
ACREAGE OF PON DEROSA PINE TYPE^ AND PORCUPINE CONCENTRATION AREAS IN NATIONAL 
FOREST DISTRICTS OF WESTERN MONTANA SURVEYED IN I960 AND 1961 
District Acres of ponderosa pine type in districts shown 
Concentra­
tion A rea 
Percent oi 
total acre; 
Saw T imbe r Poles Seed & Sapl. Uastocked Total Acreage p. pine tyi 
Condon 10,363 330 45 20 10, 758 12 0. 11 
F ortine 970 526 78 Not given 1,574 94 5.97 
Rexford 23,749 209 
2 
Not given Not given 23,958 112 0.47 
Warland 37,552 914 324 Not given 38,790 210 0.54 
Darby 41,835 8221 180 431 50,667 682 1.35 ' 
Thomps on Falls 13,067 50 15 1413 14, 545 190 1.31 ' 
Plains 33,368 243 20 2981 36,612 36 
o
 
o
 
Superior 50,143 197 Not given 55 85 55,925 60 0. 11 
Lolo 19,488 1078 925 9329 30, 820 58 0. 19 
Nine Mile 29,035 9505 2 796 4534 45,870 232 0.51 
TOTAL 259,570 . 21,2 73 4, 383 24,293 309,519 1686 0.54 
^Acreage figures of total Ponderosa pine type taken from Timber Mgt. Plans, for Kootenai,  
Lolo and Coeur d*Alene, Bitterroot, and Glacier View Working Circles. 
2  
Small acreage of plantation present in this district as observed by the author. 
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I960 and 1961 surveys. 
Generally, porcupine damage in ponderosa pine of western 
Montana can be classed into 4 main types. These are: feeding on 
needles and branches; complete girdling of the bole; scarring on the 
bole; damage to small seedlings. Very little evidence of porcupine 
feeding on needles was seen during the course of this study. Lawrence 
(1957) considered needle clipping relatively unimportant in comparison 
with damage resulting in removal of the bark. 
Complete girdling, the second main type of damage, eventually 
results in killing of the bole above the girdle. Bark removal by por­
cupines usually results in the loss of the phloem and cambium tissue 
immediately below the bark. The phloem functions primarily as a 
downward passageway for plant food from the tree crown to the roots 
(Bonner and Galston, 1959). Completely girdled ponderosa pine 
therefore may often show more growth above the girdle than immediate­
ly below the injury as a result of food accumulating above the wound 
(Figure 3).  Trees which are completely ringed below the level of 
the entire crown usually die. However, porcupine feeding on pon­
derosa pine is usually located above some live crown so that few 
trees are actually killed from porcupine damage. 
A girdled sapling^ or pole-sized ponderosa pine very often 
displays a Lateral branch that is replacing the dying leader (Figure 4).  
^The terms used for tree size are based on classification by 
C. H. Guise in his book, The Management of Farm Woodlands, McGraw-
Hill  Inc. , N.Y. , 356 pp. 
F i g u r e  3 .  P o r c u p i n e  g i r d l e d  p o n d e  r o s a  p i n e ,  s h o w i n g  
e n l a r g e d  b o l e  a b o v e  i n j u r y .  S e e  t e x t .  
F i g u r e  4 ,  P o n d e r o s a  p i n e ,  g i r d l e d  a i i d  s c a r r e d .  N o t e  
s c a r  a b o v e  g i r d l e  ^ i n d  a l s o  t h e  s c a r  o n  u n d e r  
s i d e  o f  t h e  s t i m u l a t e d  l a t e r a l  b r a n c h .  
The length of time it takes a lateral branch to react to the injury and 
begin its role as a new leader was not determined in this study. This 
reaction would probably depend on the tree's position in the stand, 
the location of the injury on the bole, and the physical condition of 
the tree. 
Figure 4 also shows porcupine feeding on the underside of a 
lateral branch, and also above the main girdle. Incidence of both 
types of damage was commonly noted during this survey. Spencer 
(1950) states that usually the most recent damage on a tree is 
characteristically above an older wound, which may be because of 
the accumulation of stored plant food above the injury. Occasionally 
two lateral branches are stimulated and assume equal roles in re­
placing the new leader. An example of such a forked tree is shown 
in Figure 5 .  
Complete girdles in trees approaching saw timber size are 
often relatively inconspicuous compared to girdled saplings and small 
poles (Figure 6).  Also, it may be difficult to identify the exact cause 
of old injuries in large trees. Logging, insects,  and wind may also 
injure terminal leaders, thus producing a dead spike and a forked 
tree. A dead spike can, of course, be examined for porcupine tooth 
marks if an accurate identification is desirable. Porcupine tooth 
marks left on a scar usually measure about 0.10 inch (2.5 mm.) 
(Pearce, 1947). 
F i g u r e  5 .  G i r d l e d  p o n d e  r o s a  p i n e  s h o w i n g  t w o  l a t e r a l s  
a s s u m i n g  r o l e  o f  a  l e a d e r .  
F i g u r e  6 .  P o n d e r  o s a  p i n e  a p p r o a c h i n g  s a w  t i m b e r  s i z e  
w i t h  d e a d  s p i k e  r e s u l t i n g  f r o m  p a s t  p o r c u p i n e  
f e e d i n g .  
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Scarred or partly girdled ponderosa pine do not show as extreme 
deformation as do completely girdled trees (Figure 7).  Scars usually 
vary in size from a small piece of removed bark to scars over 12 
inches in length. Most frequently scars in ponderosa pine are limited 
in length by the distance between the whorls of branches. Again, scar­
ring in mature trees is relatively uncommon as compared to scarring 
in sapling and poles. In the larger trees this type of damage may, how­
ever, often go unnoticed because of difficulty in seeing through the live 
crown (Figure 8).  
The fourth main injury type considered here is damage to small 
seedlings. Complete removal of seedlings makes this loss hard to 
measure. Jonkel et al.  (1955) suggest erecting enclosures to measure 
this loss.  Since small seedling stems are less than one inch in diame­
ter, porcupine feeding easily results in complete girdling (Figure 9).  
Even though ponderosa pine have remarkable ability to recover from 
serious injury (Pearson, 1931), it  is obvious that damage of this 
type ultimately contributes to the total growth loss, and possibly extends 
the cutting cycle in well managed stands. 
Complete girdling and intensive scarring by porcupines in 
ponderosa pine may result in trees which appear quite different than 
the girdled or scarred trees described above. One example is the 
highly deformed tree resulting from repeated girdling and scarring 
(Figure 10). A tree of this type typically shows repeated girdling of 
F i g u r e  7 .  P o r c u p i n e  s c a r  o n  t h e  m i d d l e  o f  t h e  b o l e  
o f  p o n d e r o s a  p i n e .  
F i g u r e  8 .  P o r c u p i n e  s c a r  i n  t o p  p a r t  o f  c r o w n  i n  Z 7  d . b . h .  
p o n d e  r o s a  p i n e .  
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F i g u r c  9 .  P o n d e r o s c i  ] : ) i n r  s r i ' d l i n ^  c  o m p l e t e l y  l i i r d l e d .  
N o t e  l a t e r a l  b r a n c h  s h o w i i ^ g  r e ^ - o \ e  r i t ^  t i .  
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F i g u r e  1 0 .  P o n d e r o s a  p i n e  a f t e r  r e p e a t e d  g i r d l i n g  a n d  
s c a r r i n g  o v e r  a  ] : ) e r i o d  o f  a t  l e a s t  1 0  y e a r s  
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the branches which have tried to replace the dying terminal.  Heavy-
scarring is also found in many of the smaller branches. 
Such highly deformed trees are without timber value and occupy 
space that could be used by more vigorous trees. In certain areas, 
however, these trees may be of some benefit.  Curtis (1944) suggests 
the possibility of leaving these '^feed trees^' as targets for repeated 
feedings by porcupines. In very open stands such a heavily used tree 
may also be ideal for placement of poison blocks if control is justified 
and under careful administration. 
Two other forms of damage are basal girdling and complete 
stripping of the bark from most of the tree bole (Figures 11 and 12). The 
incidence of basal girdling and complete stripping was unusually un­
common in the areas surveyed in I960 and 1961. Taylor (1935) writes 
that basal girdling in ponderosa pine was also quite rare in the South­
west but that it  was commonly seen on lodgepole pine. In Oregon, 
Gabrielson (1928) found that basal gnawing was the second most im­
portant type of girdling, but stated that 75. 8 per cent of damage was 
of top girdling type. 
Damage intensity. The results of damage estimates in concentra­
tion areas to all  trees in the stand is presented first,  followed by results 
of damage estimates to the crop trees selected in this study. These 
estimates are based on tree measurements taken in 22 of the I960 
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F i g u r e  1  1  B a s a l  g i r d l i n g  i n  p o n d e r o s a  p i n e .  N o t  a t  
a l l  c o m m o n  i n  s t u d y  a r e a s  s u r v e y e d  i n  
1 9 6 0 ,  1 9 6 1 .  
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Figure 12.  P^erosa pine s h o w i n g  extensive 
bark stripping by porcupine.  
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study areas, which therefore excludes 3 plantations from the I960 
study having trees under 1 inch d.b.h. , and the 2 areas added from 
the 1961 survey. 
Damage estimates which considered all  trees in the 22 concen­
tration areas showed that about 24.4 per cent of the total trees were 
damaged (Table IV). The per cent of total trees damaged for separate 
areas ranged between 5.6 and 37.5 per cent. The Lolo Springs area, 
showing the least damage, with only 5.6 per cent of the total trees 
damaged, was included even though the general survey showed rather 
light damage. It was included because: it  met the concentration area 
requirements of having past and current damage, and it was located 
near what appeared to be a quite heavily damaged ponderosa pine 
stand which was located on private land. 
Table V shows that ponderosa pine was the most heavily 
damaged tree species in western Montana. Lodgepole pine ranked 
second, but this species made up only a small portion of the total 
sample. Porcupine damage in Douglas fir was observed in only 3 
of the total 748 fir trees examined. Darm ge refers only to feeding 
on the bole and branches, and excludes any feeding on tree foliage. 
Of the damaged trees, there were more trees with complete 
girdles than trees having scars only. Of the total 659 damaged trees 
on 22 concentration areas, 388 or over 5 8 per cent had girdles at 
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TABLE IV. 
OVER-ALL PORCUPINE DAMAGE ON 22 CONCENTRATION AREAS, 
I960  
Plots T rees 
Area Total No. with % with Total No. Per cent 
• No. Damage Damage No. Damaged Damaged 
Gordon Ranch 6 5 80. 3 24 7 29. ,2 
Thirst Lake 20 16 00
 
o
 
0  80 22 27. ,5 
Pinkham Creek 30 15 50. 0 120 29 24. ,2 
Rock Spring 10 5 50. 0 40 5 12, ,5 
Canyon Creek 51 21 41. 2 2 04 27 13. ,2 
Crippled Horse 54 36 66. 7 216 52 24, , 1 
Robbins Gulch 50 38 76. 0 200; 69 34. ,5 
Chaff in Creek 30 15 50. 0 120 21 17. ,5 
Trapper Creek 36 22 61. 0 144 31 21, ,5 
Lost Horse 20 9 45. 0 80 16 20. ,0 
Lick Creek 80 57 71. 3 320 120 37, ,5 
Clear Creek 20 10 50. 0 80 19 23, , 8  
Lynx Creek 50 35 70. 0 200 65 32. ,5 
Cherry Creek 25 8 32. 0 100 14 14, , 0  
Henry Creek 18 11 61, 1 72 17 23, ,6. 
Deep Creek 10 4 40. 0 40 6 15. 0 
Nemote 20 13 65. 0 80 21 26, ,3 
Oriole Creek 20 9 45. 0 80 13 16, ,3 
Lolo Springs 9 2 22. 2 36 2 5. , 6  
South Fork 19 9 47. 4 76 12 15. 8 
Spring Creek 50 35 00
 
0  200 58 29. 0 
Blue R idge 47 20 42. 6 188 33 17, 6 
TOTAL 675 394 58.4 2700 659 24, 4 
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TABLE V. 
PORCUPINE DAMAGE TO DIFFERENT TREE SPECIES IN 
PONDEROSA PINE TYPE AREAS* IN WESTERN MONTANA 
Total Total Per cent 
Species Trees Girdled Scarred Damage Damage 
Pinus ponderosa 1819 374 262 636 34.9 
Pseudotsuga 
taxifolia 748 0 3 3 .4 
Pinas contorta 70 13 7 20 28.5 
Larix occidentalis 49 0 0 0 0.0 
Picea engelmanni 4 0 0 0 0.0 
Populus tremuloides 9 0 0 0 0.0 
Pinus monticola 1 0 0 0 0.0 
TOTAL 2700 3^7 272 659 24.4 
^These figures are taken from 22 concentration areas 
surveyed in I960. 
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various locations on the bole, and 2 72 were scarred. Only 8 of the 
total 659 damaged trees were dead or showed no sign of recovery. 
Crop tree damage estimates on the I960 concentration areas 
showed 39.3 per cent of the 718 crop trees with damage. This figure 
compares to about 7.5 per cent as taken from the 1956 data on random 
plots scattered over natural stands in ponderosa pine type (Table VI), 
in ranger districts covered by both surveys. The data in Table VI 
shows that damage to ponderosa pine crop trees was highest in the 
6-16 inch d.b.h. class, inclusive, for both the 1956 and I960 surveys. 
The results of other damage measurements in ponderosa pine 
crop trees in concentration areas are presented below. These data 
provide some additional information on the food habits of porcupines 
in pine and their relation to the seriousness of dajnage. 
Table VII shows that porcupines seem to prefer the middle 
portion of the tree when feeding on the bole of ponderosa pine. This 
held true in all  d.b.h. classes shown in Table VII, indicating that 
the animals climb higher as the trees get bigger. This agrees with 
the work of Jonkel et al.  (1956), who found that the most preferred 
area of bole by poi'cupiues was where the diameter inside the bark 
was close to 3 or 4 inches. Porcupines may climb above the basal 
portion of the trunk to get at the thinner bark (Taylor, 1935). 
No definite results can be presented for the measurements 
concerning the amount of clear bole in relation to damage intensity. 
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TABLE VI. 
COMPARING DAlvlAGE IN PONDEROSA PINE CROP TREES ON CON­
CENTRATION AREAS, I960, TO RANDOMLY SELECTED AREAS, 1956, 
IN PONDEROSA PINE TYPE STANDS 
D.B.H. Study- Undamaged Damaged Total 
Pe r cent of 
total damaged 
1 Storm I960 177 32 209 15. 3 
1-5 
Jonkel 1956 187 3 190 1.6 
Storm I960 157 168 325 51.7 
6-10 
Jonkel 1956 234 15 249 6.0 
Storm I960 68 77 145 53. 1 
11-16 
Jonkel 1956 148 29 177 16.4 
Storm I960 34 5 39 12. 8 
17 + 
Jonkel 1956 74 5 79 6.3 
TOTAL 
Storm i960 
Jonkel 1956 
436 
643 
2 82 
52 
718 
695 
39.3 
7.5 
Refers to 1 through 5 inches d.b.h. inclusive. 
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TABLE VII. 
LOCATION OF DAMAGE IN PONDER OSA PINE CROP TREES IN 
RESPECT TO THE POSITION OF DAMAGE ON THE TREE 
BOLE 
Position on the bole 
D, B .H. Lower Middle Upper 
0-25*** 26-50 51-75 76-100 
1-5 5 4 11 4 
6-10 27 64* 56 18 
11-15 10 31** 24 15 
16+ 0 3 2 1_ 
TOTAL 42 102 93 38 
Note: Values refer to number of trees in each category. 
*Three of the trees in this group had scars extending into the 
51-75 region of the bole. 
**Two of the trees in this group also had damage which extended 
to the 51-75 region of the bole. 
***Refers to the lower one-fourth of the bole. 
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This is due to the high number, over 70 per cent of crop trees which 
had less than 3.5 feet of clear bole. There was some indication of 
reduced damage as the amount of clear bole got as high as 5 feet or 
more; however, the sample size in this class was very small.  Joakel 
et al.  (1956) noticed a decline in damage as the amount of clear bole 
increased and indicated that pruning in ponderosa pine might be 
utilized as a possible natural porcupine control measure. 
Crop trees with scars only showed that more trees are lightly 
scarred than heavily scarred. The number of trees in each of 3 
different categories of scarring are shown in Table VIII. 
TABLE VIII. 
PERCENTAGE OF SCARRED CROP TREES IN THREE RATES OF 
SCARRING 
Scarring Rate 
No. and per cent 
No. 
in each class 
Per cent 
1-6 scars 100 86.2 
7-11 scars 15 12.9 
12+ scars 1 .9 
TOTAL 116 100. 0 
About one-half of the 116 scarred crop trees showed that the 
combined scars amounted to a girdle of about 25 per cent or less of 
the circumference at one level of the bole. The complete data for this 
damage estimate are shown below. 
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TABLE EX. 
EXTENT OF SCARRING IN PONDEROSA PINE CROP TREES 
Per cent of bole ringed 
by aggregate scarring No. of trees 
Per cent of 
total (116) 
1-25 58 50.0 
26-50 24 20.7 
~ 51-75 14 12. 1 
76-99 10 8.6 
#100+ 10 8.6 
TOTAL 116 100. 0 
#Does not mean a complete girdle at one level,  but rather the 
circumference of the bole girdled when all  scars are visualized at 
one level.  
The results of the extent of scarring in ponderosa pine crop 
trees show that porcupine feeding on different trees is more common 
than repeated feeding on one tree. 
A further c omparison was made between damage to ponderosa 
pine crop trees and damage to all  types of ponderosa pine trees on all  
25, i960 concentration areas. This comparison shows a slightly higher 
rate of damage in the crop trees. The actual figures showed 39.3 
per cetit of the total crop trees damaged and 34.9 per cent of all  type 
ponderosa pine damaged (Figure 13). The significance of this difference 
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Figure 13. Porcupine damage on crop trees and all  
types of ponderosa pine. 
40 
30,  
10 
Crop 
T rees 
A 11^ 
Types 
1 Dominant and co-dominant trees only. 
2 A ll  trees; inc ludes dominant, co-dominant, 
intermediate and suppressed. 
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has not been determined. Some past writers suggest that porcupines 
often select the most vigorous and thrifty trees (Shapiro, 1949; Spencer, 
1954). On the other hand, Taylor (1935, p. 53) writes that, '*Both 
mistletoe and porcupine are often most abundant on the poorest sites 
# 
for western yellow pine .  
Results of Damage and Site Factors in Concentration Areas 
Study plots from 22 of the I960 concentration areas (See Table 
IV,: P^-ge 63 ) were used to evaluate the importance of site factors in 
regard to the incidence and intensity of porcupine damage. All plots 
having the same characteristic of a site factor were combined from 
all 22 areas and compared to other characteristics within the same 
factor. For example, damage on all  plots located on south aspect 
was compared to damage on other aspects when considering the factor 
aspect (exposure). 
A chi-square test as described by Snedecor (1937) was applied 
to the data. The null hypothesis is made that damage is independent of 
the variation within the site factor under consideration. 
The results of testing the variation within 12 site factors for 
independence of porcupine damage are presented in Table X. The 
three factors showing highly significant chi-square values at the .001 
probability level are tree diameter, exposure, and rock outcrops. 
Density (stems/acre) and shrub cover are significant at the 1 per cent 
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TABLE X. 
RESULTS OF TESTING NULL HYPOTHESIS THAT PORCUPINE DAMAGE 
IS INDEPENDENT OF VARIATIONS IN SITE FACTORS 
Degrees of Calculated Signi-
Freedom Site Factor Chi-square ficance 
values 
11 Diameter Breast Height 314.50 
4 Exposure (aspect) 26. 39 
1 Rock outcrops 10.99 
5 Density (Stems/Acre) 16.47 
4 Stocking (Basedon densiometer 
r eading) 
3.69 t 
4 Location on Area 2.79 
4 Slope 7. 73 t 
1 Grazing 
Ground Cover: 
.98 
3 Shrubs 14.52 
3 Forbs 8.30 • . 
2 Grass-sedge .23 
3 Bare ground 3. 10 1 
•••Significant at the . 001 probability. 
Significant at the .01 probability. 
* Significant at the .  05 probability. 
!  Not significant. 
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level of confidence and forb cover at the 5 per cent level of confidence. 
The remaining six factors shown in Table X were not significant at the 
5 per cent level of confidence • Tables showing the detailed results 
of all  chi-square tests are presented in Appendix C. More detailed 
results obtained from analyzing the I960 field work on site factors 
are presented in the following paragraphs, which treat most of the 
site factors separately. 
Diameter at breast height. Large saplings and poles are quite 
highly preferred by porcupines. Figure 14 shows that trees in the 
7-14 inch d.b.h, classes inclusive were most heavily damaged. 
Damage here includes both current and past.  If only new damage had 
been included, the rate of damage in the 17-inch d.b.h. class and 
over probably would have decreased, since fresh damage was only 
rarely seen in the larger trees. 
These findings are similar to those found by Curtis and Wilson 
(1953) in central Idaho, who reported little feeding beyond the 13.9 
d.b,h. class. Jonkel et al.  (1956), using current damage only, reports 
that damage was most serious in the 6-16 inch d.b.h. range. More 
detailed results are shown in Apj5endix B. 
Exposure .  Table XI shows that 2 7.6 per cent of the trees 
located on southern exposure showed evidence of porcupine feeding. 
This is a higher rate of damage than found on the other exposures, 
which showed damage ranging from 16.8 to 2 1.6 per cent. The 
5 0  ^  
Figure 14. Porcupine damage in ponderosa pine type in different d.b.h. classes. 
326 
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579 
590 
382 
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52 
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Note: 
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D.B.H, Class (inches) 
Number on each bar refers to total number of trees in each d.b.h, class 
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highly significant chi-square value from these data suggest that varia­
tion in exposure is not independent of porcupine feeding, and on the 
basis of data collected for this study it appears that southern aspect 
is preferred. 
TABLE XI. 
PORCUPINE DAMAGE IN PONDEROSA PINE TYPE IN RESPECT 
TO DIFFERENT ASPECTS 
A spect 
Total 
Trees Undamaged Damaged 
Per cent 
Damaged 
South 1672 1211 461 27.6 
Flat 2 96 232 64 21.6 
East 240 191 49 20.4 
North 128 104 24 00
 
00
 
West 364 303 61 16. 8 
In the Southwest, Taylor (1935) writes that ridges and gulches on 
southern exposures were preferred by porcupines. The report by 
Jonkel et aU (1956) of the western Montana survey showed that the 
incidence of porcupine damage was greatest in crop trees growing on 
western and southern exposures. The high rating of west aspect by 
the 1956 survey, which covered the over-all  pine type, does not 
agree with the low rating of west aspect shown in Table XI for the 
concentration area study. One possible explanation for this is that, 
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first of all ,  the difference in damage rates on aspects , other than 
south, in the concentration areas are probably not significant and 
therefore west could have easily been rated higher. Also, it  may 
be that in the heavier feeding areas where porcupines come each 
year, the effect of aspect may not be as great as in areas visited less 
frequently by these rodents. 
The porcupine^s preference for south exposure is also shown 
by the fact that, of the 675 plots on the 22 concentration areas of 
i960, 418 or about 62 per cent of the total were located on south 
aspect.  Since ponderosa pine is also very commonly found on 
southern exposures, it  is difficult to conclude whether the porcupines 
prefer south slopes because of pine or because of other factors 
inherent in southern exposures. A comparison was made, therefore, 
to check between the distribution of study plots in concentration areas 
and the random distribution of plots selected by the 1956 survey by 
Jonkel et al.  in districts covered by both studies. This comparison 
showed that 36 per cent of all  plots were located on south aspect in 
respect to the random survey, which compares to the 62 per cent 
as found on concentration areas (Appendix D). A chi-square test 
showed a highly significant difference in the distribution of plots in 
the two studies indicating that south exposure is selected by por­
cupines for reasons other than preference for ponderosa pine. 
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Rock outcrops. Excessive masses of rock appear to be an 
important part of the porcupine's habitat in some areas. The results in 
Table XII show that areas with noticeable boulders, rock ledges, 
and talus showed a higher rate of damage than areas where these 
land features were not seen. Similar results were found by Gabrielson 
(192 8) in Oregon, who noted that dens in rocky slides and talus slopes 
next to stands of ponderosa pine and water showed persistent use. 
Jonkel et al,  (1956) reported that the highest rate of damage occurred 
in limestone areas and suggested that rock outcrops in this rock type 
may be well suited for denning purposes. 
No satisfactory conclusions regarding the porcupine's prefer­
ence for rocky areas can be made. Considerable evidence is available 
showing that many forms of shelters areutilized by porcupines, and in 
most cases these retreats are quite simple and crude. 
TABLE Xn. . 
PORCUPINE DAMAGE IN RESPECT TO THE INCIDENCE OF 
RELATIVELY LARGE ROCK OUTCROPS, ROCK LEDGES, 
AND TALUS 
Number of Rock 
Outcrops oa or T otal P^r cent 
Adjacent Study Area T rees Non-damaged Damaged Damaged 
0 2 02 8 1565 463 22. 8 
1-a' 672 . 476 196 29.2 
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Tree density (stems/acre) and stocking. The results of darra ge 
intensity relative to tree spacing v^s analyzed from stem-per-acre 
measurements as determined by the quarter method, and also by densiome-
ter readings. The latter method measures the relative amount of light 
that reaches a specific point on the ground as compared with conditions 
where no tree overstory exists,  and is a possible measurement of 
timber stocking. This study, however, does not make any attempt to 
correlate stocking and porcupine damage. But rather, it  is intended to 
investigate and compare in a crude way darra ge degree in open stands 
as compared to denser stands. 
The results of this study show that, in general,  the rate of por­
cupine damage diminishes as the number of stems per acre increases 
(Table XIII) and likewise as the amount of crown canopy increases 
(Table XIV). As shown in Table XIII, most of the plots were located 
in relatively open stands, thus indicating that these were preferred 
over more dense stands by porcupines. These results tend to agree 
with Taylor (1935), who states that more serious damage was found 
in cut-over areas than in virgin stands. • Jonkel et al.  (1956) also 
noted heavier damage in pine crop trees in the less dense stands. 
Curtis and Wilson (1953), on the other hand, found the .greatest per 
cent of poles attacked in the denser stands. 
Location on the area. The elevations of the concentration 
areas selected for this study are presented in Table II,  page 44. 
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TABLE XIII. 
PORCUPINE DAKIAGE IN RESPECT TO DENSITY (STEMS/ACRE) 
ON CONCENTRATION AREAS 
Numbers of Total Per cent 
T rees /Acre T rees Undamaged Damaged Damaged 
0-150 1264 932 332 26.3 
151-350 724 538 186 25. 7 
351-550 268 208 60 22.4 
551-750 120 96 24 20. 0 
751-950 84 63 21 25.0 
950+ 240 2 04 36 15. 0 
TABLE XIV. 
PORCUPINE DAMAGE IN RESPECT TO STOCKING (DENSIOMETER 
READING) ON CONCENTRATION AREAS 
Per cent Over-
story Canopy 
T otal 
T rees U ndamaged Damaged 
Per cent 
Damaged 
0-20 640 469 171 26. 7 
21-40 468 355 113 24. 1 
41-60 612 472 140 22. 9 
61-80 608 466 142 23.4 
Sl'lOO 372 279 93 25.0 
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Twenty of the 22 areas, used in analyzing the data concerning site 
factors, are located where the elevation ranges between 3800 and 4800 
feet above sea level.  
From observations made in the field it became increasingly 
more apparent that the incidence of porcupine damage was quite com­
monly associated with stream bottoms near ponderosa pine stands. 
Furthermore, all  except 2 of the 22 areas shown in Table II,  page 
44, were located on or adjacent to either a stream, irrigation ditch, 
or lake, indicating that these land features may be an important part 
of the porcupine's habitat.  Table XV shows that damage, within the 
selected concentration, is quite independent of such geographic features 
as ridge tops, meadows, and streams, and suggests that "within'^ a 
preferred area these topographic features may not influence the 
animal's habits.  
TABLE XV. 
PORCUPINE DAMAGE IN RESPECT TO CxEOGRAPHIC 
LOCATION ON CONCENTRATION AREAS, I960 
Location Total Percent 
on Area trees U ndama ged Damaged Damaged 
Base of slope 808 604 2 04 25.2 
Mid-slope 1724 1304 420 24.4 
R idge top 124 96 28 22.6 
Meadow 116 90 26 22.4 
Stream 738 5 74 164 22.2 
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Slope. The steepness of slopes does not seem to influence the 
rate of porcupine feeding on concentration areas. The results of this 
study show that the percentage of trees damaged in 5 different slope 
intervals is quite consistent except for the 39-52 per cent interval 
(Table XVI). No explanation can be given for this inconsistency, ex­
cept that the sample size in this interval was relatively small as 
TABLE XVI. 
PORCUPINE DAMAGE IN RESPECT TO VARIATION IN SLOPE 
ON CONCENTRATION AREAS, I960 
Pe r cent T otal Per cent 
slope T rees U ndamaged Damaged Damaged 
0-11 836 638 198 23.7 
11-24 824 612 2 12 25. 7 
25-38 500 390 110 22. 0 
39-52 200 138 62 31.0 
53 + 340 263 77 22.6 
compared to the other categories. The difference in damage rate 
between the 5 categories of slope was not significant at the 5 per 
cent level of confidence as determined by the chi-square test.  
Grazing. The data collected for this study showed that por­
cupine damage increased only slightly in grazed areas as compared 
to ungrazed. The significance of these results (Table XVII) are 
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questionable, since over 80 per cent of the plots were located on 
areas where cattle grazing was permitted. The results of the test of 
independence did not show a significant chi-square value for this factor. 
Taylor (1935) noted that in grazed areas where the number of trees 
were reduced, porcupine damage became more noticeable, 
TABLE XVII. 
PORCUPINE DAMAGE INTENSITY IN RESPECT TO GRAZING 
AND NON-GRAZING BY LIVESTOCK IN CONCENTRATION AREAS, 
I 9 6 0  
Livestock T otal Pe r c e nt 
Grazing T rees U ndamaged Damaged Damaged 
Present 22 84 1719 565 24.7 
A bsent 416 322 94 22.6 
Ground coyer. The results of tree damage intensity associated 
with variation in ground cover on the study plots is presented in Table 
XVIII. The results show that a variation in the amount of bare ground 
or in the amount of grass and sedges on sample plots did not show any 
difference in the damage rate of trees associated with the respective 
ground cover plots.  Both sets of data showed chi-square values which 
were not significant at the 5 per cent level of confidence. 
The data on shrub cover and forb cover both showed significant 
differences as determined from the chi-square test.  No definite trend 
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TABLE XVIII. 
PORCUPINE DAMAGE INTENSITY IN RESPECT TO VARIATION 
GROUND COVER IN CONCENTRATION AREAS. I960 
Variation* Total 
in Shrub Cover Trees Undamaged Damaged 
Per cent 
Damaged 
0-20  
21-40 
41-60 
61+ 
1156 
816 
476 
252 
849 
656 
350 
186 
307 
160 
126 
66 
26.6 
2 0 .  0  
26.5 
26.2 
Variation 
in Forb Cover 
0-15 
16-30 
31-45 
46 + 
2112 
452 
92 
44 
1609 
339 
58 
35 
503 
113 
34 
9 
23. 8 
25. 0 
37. 0 
20.5 
Variation in 
Grass-sedge Cover 
0 -20  2088  
21-40 472 
41+ 140 
Variation in 
Bare ground 
0-20 
21-40 
41-60 
61+ 
524 
860 
680 
636 
1582 
353 
106 
395 
665 
514 
467 
506 
119 
34 
129 
195 
166 
169 
24.2 
2 5 . 2  
24.2 
24.6 
22. 7 
24.4 
2 6 . 6  
*Per cent occupied in 5 sq. ft.  frame. 
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is shown in the data, however, showing any increase or decrease 
in damage with changing abundance of shrubs or forbs .  The signifi­
cant chi-square values result from only one category in both sets 
of data. For example, shrub cover is separated in 4 categories of 
per cent of ground covered by shrubs. Three of the categories showed 
that approximately 26 per cent of the trees associated with these plots 
had damage, while the remaining category showed 2 0 per cent damage 
(Table XVIII).  
It is obvious that other factors influence the incidence of por­
cupine damage in a given region. Probably the most important is the 
preferred tree species. The damage survey by Jonkel et al.  (1956) 
and this study show clearly that ponderosa pine stands are an im­
portant part of the porcupine^s habitat in western Montana. 
No relation between fungus infection and porcupine feeding was 
observed on the sample trees in concentration areas . Several trees 
were examined, however, other than sample trees, which showed por­
cupine feeding along with fungus infection. Also, a few porcupine 
damaged pine were examined which were or had been attacked by in­
sects.  Two kinds of insects were collected from damaged ponderosa 
pine. These were identified as bark beetles (Dendroctonus sp. ) and 
pine bark borer (Acanthorinus sp. ) (Keen, 1952). In all  porcupine 
damaged trees associated with either disease or insects in this study, 
it  could not be determined whether porcupine feeding took place before 
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or after attack by the other agent. 
Discussion 
The 1,686 acres selected as constituting all  concentration 
areas on 309, 519 acres during the I960 and 1961 surveys include 
only a small segment of the entire ponderosa pine type in the 10 
districts surveyed. This supports an earlier report by Taylor 
(1935) contending that heavy porcupine damage is restricted to small,  
local portions of the forest.  The estimated 1,686 acres of concentra­
ted porcupine feeding may easily show some variation from the actual 
acreage of heaviest feeding in the 10 districts surveyed. 
Additional concentrations may exist which were overlooked, 
or were erroneously rejected by the author because current, per­
sistent damage was not seen during the general reconnaissance. On 
the other hand, small marginal areas are probably included in the 
concentration area figure which should have been considered light or 
medium damage, if such a classification could be used^ No criteria 
was erected to separate damage into distinct classes for use in this 
study. All areas reported by the districts showing persistent damage 
as determined by the general reconnaissance, were considered as 
having heavy damage. 
Distinct classes of damage degree are of l ittle importance un­
less other factors of the forest are considered. For example, we 
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should know how much porcupine damage a given stand will  tolerate 
before the final crop is affected. Fully stocked stands could possibly 
withstand more injury than lightly stocked forests.  Also, very un­
productive forests could notaffordto lose a single tree, so that the 
slightest degree of injury results in a definite loss.  
The ponderosa pine areas classed as heavily damaged for this 
study probably received most of the damage during the winter months. 
No evidence of porcupine movement in and out of these pine stands is 
available, but on the basis of available literature and my observations, 
it  is probable that some animals move to surrounding habitat types. 
In other words, we can expect that the porcupine's habitat includes 
not only the small pine areas, but also aspen and cottonwood stream 
bottoms, road-ways, crop lands, and other forest types where more 
herbaceous food is available during the warmer seasons. 
The seasonal variation of the porcupine's habitat in western 
Montana is not well known and awaits further investigation. Plant 
succession, logging, and fire may affect porcupine habits,  and should 
be considered during future studies of porcupine biology in western 
Montana. 
The actual figure of 39 per cent damage of all  ponderosa pine 
crop trees on concentration areas compares with about 7 per cent 
damage (Jonkel et al.  , 1956) to pine crop trees in natural stands 
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randomly located in western Montana. Since the acreage of the con­
centrations represents only about one-half of one per cent of the 
total acreage in pine type on the 10 districts surveyed, it is apparent 
that only a small fraction of the crop tree damage is found on concen­
tration areas. 
The results of damage types on concentration areas show that 
more damaged trees were completely girdled than were scarred or 
only partly girdled. Jonkel et al.  (1956) reports opposite findings, 
in that more scarred trees were present than girdled trees in crop 
trees on natural stands of western Montana. This suggests that stands 
receiving continued porcupine use have more severely damaged trees 
compared to forests visited less frequently by this rodent. 
Information obtained from questionnaire returns from all 
National Forests clearly shows that ponderosa pine is the most pre­
ferred tree species by porcupines in Region One. The results of 
the 1956 survey by Jonkel et al.  (1956) and this study support the 
same finding for western Montana. 
Further analysis of the data collected on concentration areas 
shows that certain physiographic factors as well as characteristics 
inherent in trees and timber stands are closely associated with heavy 
porcupine feeding in ponderosa pine. The chi-square tests showed that 
damage was highly dependent on variation in diameter breast height 
exposure, and rock outcrops, The fact that saplings and poles are 
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preferred by porcupines supports the past work of several investigators 
(Taylor, 1935; Curtis and Wilson, 1953, and Jonkel  ̂ i^al.  ,  1956). 
Density (stems/acre),  shrub cover and forb cover also yielded 
significant chi-square values. Crown closure as determined with a den-
siometer was not significant, but like density (stems/acre) the data showed 
that as crown closure decreased porcupine damage increased. The data 
for damage intensity and variation in either shrub or forb cover showed 
no definite trend which would suggest that tree damage increases as forb 
or shrub cover decreases. Similar findings were found for bare ground 
and grass-sedge cover, so that no definite conclusion can be made regard­
ing ground cover and damage intensity in concentration areas. 
The calculated chi-square values indicated as non-significant 
in Table X (page 72) fit  between the .50 and .05 probability level.  
It is difficult,  therefore, to make any predictions of the importance 
of these variables in regard to damage intensity. Grieb (1958, p. 69) 
points out that when calculated chi-square values fall  between the .50 
and .05 probability level nothing can be said about the difference between 
the observed and expected, because it is .  .not great nor small enough 
to overcome the possibility of chance." 
No thorough analysis was made that would help weigh the 
relative importance of the highly significant factors. However, it  is 
possible to make some comparison between any two variables with 
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the present data. For example, we may test the probability that damage 
on south aspect is less than the probability of damage to trees between 
5 through 16 inches d.b.h. Using the data in Table XI, (page 75 ) we 
find that 461 of the 1672 trees on south aspect had damage while Ap­
pendix B, {page 144) shows that 582 of the 1723 trees in the 5 through 
16 inch d.b.h. class inclusive, were damaged. The upper confidence 
limit (Dixon and Massey, 1957) for mean .2757 equals ,2980, while 
the lower limit for mean .3341 equals .3124 at the 95 percent level 
of confidence. Since the .2980 does not overlap the .3124, we can 
accept the probability that damage on south slope is less than the 
probability of damage to trees between 5 through 16 inches d.b.h. 
in the concentration areas surveyed. 
An optimum combination of several site factors may, however, 
be more important than any one habitat characteristic in influencing 
porcupine behavior. Also, a change in one variable may cause other 
effects which may be hard to evaluate. For example, a change in ex­
posure may result in changes in vegetation as well as a difference in 
soils .  
Additional site characteristics affecting porcupine behavior 
exist which were not included in this study. A more detailed study 
of the soil  may reveal that porcupine feeding is influenced indirectly 
through nutrients supplied to the vegetation. Climatic factors such 
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as snow depth or snow texture may influence porcupine feeding and 
result in damage to restricted portions of the forest.  Also, the loca­
tion of pine sites relative to agricultural areas where animals may 
find additional succulent summer food may influence the porcupine's 
feeding in ponderosa pine stands. These and other variables yet 
to be discovered could be considered in a study of porcupine ecology. 
EFFECT OF DAMAGE ON RADIAL GROWTH 
In order to accurately assess the importance of porcupines 
as a forest influence, the effect of their feeding on tree growth should 
be understood. Completely girdled trees, of course, s uffer a reduc­
tion in live crown, at least while the dying terminal is being replaced 
by one or more of the lateral branches. When this reduction occurs a 
loss in diameter growth can be expected, especially if the live crown 
is reduced below a certain per cent of the total tree height (Hawley 
and Smith, 1954). 
The tops of partly girdled or scarred trees usually are not as 
severely deformed as girdled trees. Scarred trees also do not usually 
exhibit reductions in live crown and subsequently the loss of diameter 
growth may not be as large as in completely ringed trees. 
Taylor (1935) writes that trees injured by porcupines are likely 
to suffer a loss of vigor and are more susceptible to attack by insects,  
mistletoe and fungi.  Working in the Lake States, Krefting^^^. (1962) 
report .  .  a 45 per cent reduction in radial growth due to damage 
by porcupines. This loss estimate was made on severely injured 
sugar maple and basswood trees in the 7-11 inch d.b.h. class. No 
previous studies have been found which reported diameter growth 
losses to ponderosa pine due to porcupine feeding in the western 
Montana area. 
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The present study examined and compared diameter growth 
reduction (if it  occurred) in ponderosa pine by different degrees of 
porcupine damage. Measurements of height growth losses were not 
within the scope of this study, although the heights of all  sample trees 
were tallied. This study was also intended to investigate and point 
out some of the problems which may arise in making total growth loss 
estimates in ponderosa pine stands. However, no attempt is made 
to measure the total volume loss in ponderosa pine resulting from 
porcupine damage. 
All measurements were made within a 30 acre area on the 
Blue Ridge plantation. The field measurements were made during 
the months of July and August in 1961. 
Study Area 
The Blue Ridge plantation is in the Nine mile Cxjeek drainage 
about 11 miles northwest of the Ninemile Ranger Station. The planta­
tion is part of the Lolo National Forest of Region One. 
Ponderosa pine seedlings were hand planted in 1936 and 193 7. 
No thinning had been done in the vicinity of the trees selected for this 
study. 
In general,  the plantation lies on a south facting exposure at 
an elevation of 3600 feet.  The plantation consists of approximately 
583 acres. 
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Trees selected for this study were all  growing on a south 
facing aspect with slopes varying from 15 to 35 per cent. Trees in 
the 6-9 inch d.b.h. class having total heights between 20 and 35 feet 
were common. Many of these trees showed porcupine damage about 
3-8 years old, thus offering damaged and undamaged trees which 
could be used for comparing diameter growth. 
Methods and Materials > 
In addition to the effect of various injuries, the growth rate of 
trees is affected by many complex environmental factors and character­
istics inherent in the tree itself.  Since it is impossible to control all  
the variables , an attempt was made to eliminate those considered to 
be important in regulating tree growth. 
Factors considered important relative to tree growth include: 
(1) Species and variety, (2) soil ,  (3) climate, (4) degree of competi­
tion for root space and crown space, (5) age of tree, (6) individual 
variation, and (7) interference with normal development (Toumey 
and Korstain, 1957). 
To eliminate the influence of species, age, soil  and climate, 
all  measurements were taken on ponderosa pine within a 30-acre 
area in the southwestern portion of the plantation. The degree of 
competition is partly overcome by using only dominant and co-
dominant trees occupying approximately the same position on the 
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grouad. In an attempt to overcome the variation found in individuals,  
as many paired-tree replicates as possible (one of the pair having 
damage) were selected for comparing diameter growth. 
The diameter growth between the damaged and check trees was 
compared by separating the damaged trees into two classes: (1) trees 
with scars only, and (2) trees completely girdled. Thus, growth on 
each scarred tree was compared to a control tree, and likewise, 
each girdled tree selected was compared to a check tree. Modifica­
tions of this method have been used by entomologists in their work 
with western pine beetle (Dendroctonus brevicomis) infestation in 
California and Oregon (Person, 1928). 
Trees showing any evidence of disease or insect infestations 
were not selected. Damaged trees were found by carefully searching 
for dominant and co-dominant trees having porcupine damage between 
2 and 10 years old. Upon finding a damaged tree the closest neighbor 
possessing characteristics of vigor similar to that of the damaged 
tree was selected as a check. The characteristics which were com­
pared on both trees in a pair are discussed in the next 2 sections. 
Measuring scarred and undamaged controls.  The age and num­
ber of scars was determined for each scarred tree. Aging was done 
by cutting a notch in the edge of the scar as described earlier (page 
36). Trees having scars of unlike age were rejected. Only the in­
jured trees having porcupine damage on the bole were selected, thus 
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eliminating the trees having noticeable damage on the l imbs. Other 
measurements included the height of damage, approximate length of 
the longest scar, and the per cent of the circumference of the bole 
girdled by the largest scar, total height of the tree, and its d.b.h. 
Three increment borings, evenly spaced around the bole, were 
taken 4j feet from the ground level,  as described by Pierce (I960). 
Increment cores were labeled and placed in ^oda straws. 
The control tree for each scarred tree was selected as close 
to the damaged tree as possible. In every case both trees in a pair 
were close enough to be observed at the same time by the examiner. 
Factors used to match a damaged tree with a check tree are those 
considered important indicators of tree vigor (Pearson, 1949). These 
include characteristics of the crown, bole, and the tree^s position 
in the stand. 
Total height and d^b.h. were determined on the control tree. 
Diameter, however, was measured after the tree was selected and 
only the relative size used for matching trees. Three cores were 
also extracted from the check tree, using the same procedure as 
described for the damaged tree. 
Measuring girdled and undamaged controls.  The age and 
height of the girdle were the only damage measurements taken on 
girdled trees. Age, determined by notching, was checked with an 
increment core taken about 4 feet below the gii^dle. The age of damage 
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on girdled trees often shows up by a pronounced decrease in annual 
ring width and thus helps substantiate the age as determined by notch­
ing. Quite commonly, however, the top has ceased adding annual 
increment as is the case with a dead top. In this situation, age de­
termination must be taken from increment cores below live crown 
or notching a scar (if present) also situated below live branches. If 
the damage age could not be accurately determined, the girdled tree 
was rejected from the sample. 
All girdled trees used in this study had living branches below 
the girdle and showed good evidence of recovery. Since the crowns 
are deformed in many of the girdled trees, characteristics of the 
crown were not given much attention when selecting a control tree. 
The main factors considered in pairing a girdled tree with a check 
tree were the position on the ground, size of neighboring trees, and 
a comparison of annual ring width before damage occurred. Ring 
widths were checked to make sure both trees in a pair were growing 
at about the same rate before the injury took place. In all  but 2 
pairs the girdled tree was putting on slightly more radial growth be­
fore it was attacked by the porcupine than was the check tree. In 
the 2 exceptions the difference in radial growth was less than 0.02 
inches during a 4 year growth period. 
Core measurements. Increment cores were measured daily 
upon returning from the field. This eliminated the possibility of any 
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shrinkage which could affect ring width if measured at a later time. 
Annual rings were measured to the nearest 0.01 inch, using an en­
gineer's scale attached to the base plate of a dissecting microscope. 
The width of each annual ring was determined for 14 consecutive 
growing seasons starting from the cambium side, but excluding the 
current year's growth. The 3 measurements for each ring on every 
tree were averaged and then doubled to obtain the diameter increment 
for each of the 14 years. 
Analysis of Data. As mentioned earlier, girdled trees aud 
their controls were checked to make sure they were growing about 
the same rate before the damage occurred. This procedure was not 
followed in the case of the scarred trees and their controls.  To test 
for this difference in the latter pairs, the average 5-year growth put 
on before the scarred tree was attacked was compared in 2 1 pairs 
of scarred and undamaged trees. These 21 pairs were used because 
the injured tree in each pair had 4-year old damage, and 5 well 
defined annual rings put on before damage occurred could be easily 
measured. 
The results showed the average annual diameter increase for 
5 years' growth to be 0. 302 inches for all  21 scarred trees compared 
to 0.303 inches for the 21 control trees. The mean of the difference 
equals 0.001 inches. A "t" test used to test the significance of the 
difference between the two means showed that the actual difference 
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could be due to chance 50 times out of 100, Thus, it  was accepted 
that the scarred trees and their controls were growing at about the 
same rate before the scarring took place. 
To analyze the diameter growth after damage, the paired trees 
containing a scarred tree were treated separately from pairs with 
a girdled tree. In both sets of data the total radial growth for the last 
10 growing seasons (excluding current growth) was compared between 
damaged and undamaged trees. This means that the 10 year's diameter 
growth on scarred trees was compared to the 10 years' growth on their 
controls and the same comparison made between the girdled trees and 
their controls.  A "t*^ test was applied to both sets of data to check 
for any significant difference in the mean growth between injured and 
non-injured trees. 
An analysis of variance was also applied to the 21 trees with 
4-year old scars and their controls.  In this analysis the width of each 
annual ring for all  trees was compared for the 4 years following scar­
ring. The main factors considered in this test were pairs, years, 
and treatment; treatment, of course, being either the presence or 
absence of scarring. Pairs referred to the 21 sets of trees, and years 
to the 4 growing seasons following the year of injury. 
Results 
Scarred tree pairs. Cores collected from 50 paired trees 
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(where 1 of the pair was a scarred tree) were examined and measured. 
The average 10-year diameter growth for the 50 scarred trees was 
2.743 inches. The corresponding average for the control trees was 
2.989 inches (See Figure 15). The mean of the differences is 0.246, 
which represents about an 8 per cent reduction in growth in the 
damaged trees over the 10-year period. When applied to the ^'t^^ 
test this difference is significant at the .01 probability level for 50 
degrees of freedom. 
Girdled tree pairs. A total of 20 paired trees were selected in 
which one in each pair had a complete girdle. As shown in Figure 15, 
the average 10 year increment for the 20 girdled trees is 2.077, com­
pared to 2. 776 for the 20 check trees. The mean of the differences in 
growth between the 2 trees in each pair is 0.699 inches. This represents 
about a 25 per cent reduction in average radial growth during the 10-year 
period for the girdled trees measured in this study. Again, this dif­
ference is significant at the .01 probability level. 
Analysis of variance. The analysis of the variance for the 
growth in the 21 paired trees having the 4-year old scarred tree in 
each pair is shown in Table XIX. Two of the interactions were not 
significant at the .05 probability level and therefore their sum of 
squares and degrees of freedom added to the error term (Moroney, 1956). 
The main effects and significant interaction were tested by using the 
pooled error term. 
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Figure 15. Average diameter growth of 10 
annual rings taken from 70 
paired trees, 1961. 
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TABUE; XIX 
ANALYSIS OF VARIANCE FOR ANNUAL RING WIDTH OF PONDEROSA 
PINE 
Category 
Net Sum 
of Squares 
Degrees of Sample 
Freedom Variance »'F'* 
Sig. 
Total .245 7 
Pairs . 1822 
Y ears .0117 
Treatment .0160 
Pairs X years .0098 
Pairs X Treat. .0178 
Years x Treat. .0003 
Pairs X years x 
Treatment .0079 
Pooled Variance .0180 
167 
2 0  
3 
1 
6 0  
2 0  
3 
6 0  
123 
.00911 60.73 
.00390 26.00 
.01600 106.67 
.00016 1,23 
.00089 5.93 
.00010 .66 
.00013 
.00015 
J 
^^Significant at .01 
! No significance 
All three main effects are significant at the .01 level of sig­
nificance. The effect of pairs is expected since it denotes the indi­
vidual variation existing between the pairs. The effect of years can 
probably be ascribed to a decrease in diameter width. A decrease 
in diameter growth may be normal, and does not necessarily repre­
sent a reduction in the area of the cross-sectional annual increment 
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(Chapman and Meyer, 1949). Years may also be affected by climatic 
differences which may also help account for the significant sample 
iiF^. The highly significant sample for treatment again indicates 
that scarring has affected the radial growth of the damaged trees 
measured for this analysis. 
The significant pairs x treatment interaction indicates the two 
factors are not independent of each other (Steel and Torrie, I960). 
Upon closer examination of this interaction following along the lines 
suggested by Steel and Torrie (I960), it was evident that in one of the 
21 pairs the difference in diameter growth between the scarred tree 
and its check was significantly higher. The field data showed that 
the scarred tree in question had two scars (each less than 12 in. 
long), the largest of which extended around 70 per cent of the bole's 
circumference. Although the relatively heavy scarring may have 
caused this difference, it must be pointed out that 7 of the remaining 
20 scarred trees also had scars (less than 12 in. long), which had 
bark removed from 70 per cent of the bole's circumference. These 
7 trees, however, did not show any extreme in growth reduction as the 
one mentioned above. 
Discussion 
The analysis of the data collected for this study showed that 
diameter growth in ponderosa pine poles was affected by porcupine 
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damage, Completely girdled trees (Figure 16) showed a pronounced 
reduction in radial growth compared to their check trees. This is 
probably due mainly to the greater loss of live crown immediately 
following complete ringing of a pole sized tree. 
Complete girdling of ponderosa pine poles not only reduces 
growth but also deforms the tree to such an extent that it become un­
usable as a forest crop (Pearson, 1949). This is especially true if 
the girdle is below the level of the first log, as is usually the case in 
smaller poles. Some completely ringed trees exhibit unusual growth 
on the part of a lateral branch which has replaced the dead terminal. 
These aew leaders may eventually be of timber value, but it is obvious 
that the length of time required for such a lateral branch to attain 
merchantable size is great. 
It was not determined during this study to what extent a com­
pletely girdled ponderosa pine will overcome the initial injury and 
again regain normal diameter growth. Observations made during 
this study indicate that the diameter growth at breast height did not 
approach normal, following complete girdling, even if the tree pos­
sessed one or two new vigorous leaders. It may be that the more 
vigorous portions of the tree utilize more water and food materials 
at the expense of the older portions of the stem (Kramer and 
Koslowski, I960), thereby retarding growth at the lower level of 
the bole on forked trees. 
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The effect of girdling on diameter growth in trees larger than 
poles may not be as serious as found in the trees measured in this 
study. A girdle high in a tree that has reached merchantable size 
would probably not kill as high a proportion of the live crown as in 
young poles. This, of course, assumes the animal would climb to a 
higher position on the tree to get at an area of thinner bark. Also, a 
girdle in the upper portion of bigger trees would not seriously affect 
the more valuable butt log. 
The data on sample pairs, one a scarred tree, showed an actual 
difference in diameter growth of 0.246 inches between the average 10-
year diameter growth of scarred and undamaged trees. This amounted 
to an 8 per cent reduction over a 10-year period which appears quite 
small in terms of diameter growth loss per year. It should be em­
phasized that the 8 per cent reduction in diameter growth as reported 
in this study was measured for 10 annual rings of scarred trees during 
which porcupine damage occurred in 1 of the 10 years. This does not 
imply that radial growth will be retarded at the same rate throughout 
the life of the sample trees. It may be that after the wounds of por­
cupine feeding have been repaired, diameter growth will revert to 
normal or possibly even increase. 
It appears that the greatest reduction in growth takes place 
following the first or second year of injury. Figure 17 shows 1 of the 
3 cores taken from a scarred tree with a distinct cjiameter reduction 
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the first growing season after the damage occurred. The other 2 
cores, however, do not show retarded growth in the same year, 
but rather show a slight increase. Whether or not the growth loss on 
one side of the bole is compensated for on the opposite side of the 
bole is not known. The fact that the scarred trees in this study-
showed less diameter growth than the check trees is evidence which 
suggests that growth reduction on 1 side of the bole is not compen­
sated for on the other side of the bole. 
In general, the intensity of scarring was quite similar in all 
scarred trees, thereby eliminating the possibility of correlating diame­
ter growth with various intensities of scarring. However, examination 
of the field data showed that the number of scars and the per cent of 
the bole girdled may not be important factors affecting growth. For 
example, Z sample trees each with 6 scars, showed little difference 
in diameter growth compared to their check trees, whereas 3 other 
scarred trees with less than 4 scars showed a greater difference in 
growth reduction compared to their control trees. Similarly, several 
scarred trees with less than 50 per cent of the bole girdled showed 
a greater difference in diameter growth reduction than did several 
trees with more than 70 per cent of the bole girdled. 
Working in burned-over Southern Appalachian hardwood stands, 
Jemison (1944; as reported in Kramer and Kozlowski, I960) found that 
trees lacking xylem and phloem on as much as 90 per cent of the 
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tree's circumfereiice showed little or no reduction in diameter growth. 
Jemison (1944) also writes that new tissue soon forms around wounds, 
thus providing new avenues for food conduction and translocation. Ap­
parently only a small strip of tissue is necessary to maintain normal 
growth in trees. 
Scars up high in the crown may not affect diameter growth at 
breast height as much as scars located lower on the bole. Supplement­
ary measurements made during his study indicate that cores taken 
close to scars show a greater reduction in growth than cores taken a 
considerable distance away from scars. An example of this is shown 
in Figure 18, where cores taken 18 inches below a4?-square inch 
scar showed less radial growth during an 8-year period than cores 
taken 40 inches below the scar. The reduced growth immediately 
below the scar could result from new tissue forming around the wound 
which utilizes plant foods at the expense of the tissue directly below 
the vicinity of the scar. Variation of ring width over different parts 
of the bole may be normal in trees. Toumey and Korstain (1957) state 
that in dominant trees the width of the rings in the clear bole generally 
increases downward, while in subdominant trees the ring width is 
practically the same in all parts of the clear bole between the crown 
and the butt. 
Other measurements of scarring intensity exist which were not 
included in this study. For example, the total amount of bark removed, 
-109-
A .  D i r e c t l y  o p p o s i t e  a n d  a t  s a m e  l e v e l  o f  s c a r .  
B .  O p p o s i t e  s i d e  o f  s c a r ;  1 8 "  b e l o w  i n j u r y .  
C .  S a m e  s i d e  a s  s c a r ;  1 8 "  b e l o w  i n j u r y .  
D .  S a m e  s i d e  a s  s c a r ;  4 0 "  b e l o w  i n j u r y .  
E .  O p p o s i t e  s i d e  o f  s c a r ;  4 0 "  b e l o w  i n j u r y .  
F i g u r e  1 8 .  C o r e s  t a k e n  a t  v a r i o u s  l e v e l s  f r o m  t h e  h o l e  o f  a  
p o n d e r o s a  p i n e  h a v i n g  1  ,  4 9  s q .  i n .  p o r c u p i n e  s c a r .  
-no-
expressed either in square inches or square feet, could be an ex­
pression of damage intensity. Trees with scars of different age 
classes may also show more retarded growth than trees having scars 
of only one age class. 
It should be emphasized that the results of this study are based 
on measurements taken from an even-aged ponderosa pine stand loca­
ted on 1 site. Consequently, the growth reductions reported here do 
not necessarily apply to pine stands on different sites and of different 
age classes and stocking. Not until additional information is collected 
on the effect of porcupine damage on radial growth as well as total 
volume in all types of pine stands, can the full influence of porcupine 
damage to ponderosa pine be accurately evaluated. 
PORCUPINE CONTROL BY HUNTING 
As the third and final phase of this study I assessed hunting 
as a porcupine control measure by comparing the relative amounts of 
scarring and girdling in hunted and non-hunted areas. Various porcu­
pine control measures are employed in local forested areas persistently 
showing damage, although a full understanding of the actual influence 
of porcupine feeding on trees is not well documented. Several direct 
methods for reducing animal numbers have been employed. Direct 
reduction by hunting with firearms is one of the most widely known and 
probably most acceptable method used in porcupine control programs. 
Gabrielson and Horn,(1930) recommended hunting as a supplement to 
poisoning for control on large timbered areas of the Northwest. In 
the Southwest, Taylor (1935) states that hunting is one control measure 
which would not endanger other wild animals. 
Early evening hunting can be effective in agricultural areas 
during the late fall and early spring (Knowlton and Bruce, 1954). In 
spring, when the animals are feeding on fresh foliage of deciduous 
trees. Spencer (1954) reports that hunting along roads in late after­
noon hours can be effective in reducing this rodent. Spencer (1954) 
also suggests hunting during the winter season, especially after a 
snowfall. At this time fresh tracks, flakes of bark under freshj.y 
barked trees, and evidence of fresh, white scarring are usefuTin 
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locating the animals. 
The winter season also provides an opportunity for hunting with 
large, organized crews. Spencer and Hill (1949) suggest that Forest 
Service personnel and sportmen^s clubs could be organized for winter 
hunts, which would provide recreation in addition to helping achieve 
porcupine control. In general, past writers indicate that hunting, if 
properly carried out, will result in reducing porcupines to a tolerable 
level. But they also point out that where large rock dens and other 
shelters are present, hunting is not completely effective and other 
control measures must be exercised. 
A porcupine control program was initiated in the Darby District, 
Bitterroot National Forest, of western Montana in February, 1959. 
During February through May of that year, control was done by or­
ganized hunts and placement of two dozen poison blocks in areas 
showing persistent damage (Anon, , 19592t). 
The results of the 1959 hunt in 3 large drainages produced the 
following results: Lick Creek, 33 animals; Robbins Gulch, 37 animals, 
and Rye Creek, 35 animals. The total 105 animals included 36 unborn 
young. The 24 poison stations showed no evidence of use by porcupines, 
as determined from later field examinations. 
After the 1959 hunt a follow-up control effort was made during 
March, 1961, by the Darby District personnel (Anon. , 1961). Two 
of the 1959 hunted areas , Lick Creek and Robbins Gulch, produced 
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only 1 animal each during the 1961 hunt. The third area (Rye Creek) 
hunted in 1959 was not hunted again as observations nnade by the 
district personnel indicated a lack of porcupines and recent damage 
in this area. The results of the 1961 hunt and the lack of noticeable 
fresh damage indicated a definite animal reduction in the areas con­
trolled in 1959. With these results it appeared as though hunting was 
effective in reducing damage. However, other factors had to be con­
sidered, one of which was the lack of snow cover in 1961 compared to 
1959, which could have made it harder to find animals in 1961. Also, 
a general decline in the porcupine numbers could account for the low 
kill in the 1961 hunt. 
To further evaluate the effectiveness of the 1959 hunt, a damage 
survey was conducted by the author in the Darby District during the 
summer of 1961. This evaluation compared the intensity of damage 
to ponderosa pine on 2 areas hunted in 1959 to non-hunted check 
areas. This survey is reported in the following paragraphs. 
Methods 
To evaluate the amount of damage on areas hunted in 1959, 
the Lick Creek and Robbins Gulch areas , both hunted in 1959, were 
selected and matched with non-hunted areas. Check areas were used 
to help eliminate the possibility of a general porcupine decline 
throughout the Darby District. The procedure used in selecting the 
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check areas is described below. 
Selecting non-hunted areas. Several areas non-hunted in 1959 
were examined for use as possible check areas. Ideally a check area 
should be very similar to the hunted area in respect to all site charac­
teristics . Since it would be impossible to match any 2 areas for all 
variables, only the more obvious components were compared. These 
factors included timber type and stocking, understory vegetation, 
aspect, slope, elevation, soil,  and total acreage. In addition, the 
areas selected as checks should show approximately the same over­
all rate of past damage to ponderosa pine. 
After examining several localities suggested by Darby District 
personnel, an area along Chaffin Creek was selected to serve as a 
check for the Como Lake area. Both are located on the west side of 
the Bitterroot River and situated along the base of the Bitterroot 
Mountains very close to agricultural land. The Chaffin Creek drainage 
is about 8 miles south of the Como Lake study area. 
The Whitsell Gulch drainage was selected and matched with 
Robbins Gulch. These 2 areas are located on the east side of the 
Bitterroot River along the base of the Sapphire Mountains, also very 
close to agricultural land. Robbins Gulch is between 1/8 and 1/4 
mile south of Whitsell Gulch and separated from Whitsell Gulch by 
a north facing slope covered predominantly with Douglas fir. 
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All 4 areas were less than 9 miles from Darby, Montana. The 
total acreage and a comparison of site characteristics for both paired 
areas are presented in Table XX. The 4 study areas were included 
in the 1961 control program. One animal each was killed in Como 
Lake, Robbins Gulch, and Chaffin Creek areas. Whitsell Gulch pro­
duced 8 animals during the 1961 hunt. 
Meas urements .  Sampling the porcupine damage at each a^ea 
began by the establishment of an imaginary base line along the most 
accessible side of the area. The length of the base line was determined 
from aerial photographs showing the area boundaries. Transect start­
ing points on the base line were selected by choosing random numbers 
from 1 to the number which corresponded to the total length of the 
base line. 
Sample plots were located by following a compass line from 
each starting point and pacing a predetermined interval as determined 
by random numbers. A preliminary sample showed that 1 plot per 
acre would yield the required number of damaged trees to be used 
for damage measurements. 
Each sample plot was divided into 4 quarters as described 
earlier (see page 36 ) and the nearest ponderosa pine to the plot 
center was selected as a sample tree in each quarter. The following 
measurements were recorded for each of the 4 sample trees: 
1. Presence or absence of damage. 
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TABLE XX. 
COMPARISON OF SITE CHARACTERISTICS ON HUNTED AND NON-
HUNTED AREAS IN DARBY DISTRICT, 1961 
Timber Under story Slope Eleva- Total 
Area Type Stocking Vegeta- Aspect % tion Soil* Acres 
tion*** 
Como P. pine Varies Bitter- South 10' -35 4200- Wx 133 
Lake** from 
poor to 
med. 
brush 
Cru 
Balsam 
4400 C2n 
Generally root 
poor 
Chaff in P. pine Va ries Bitter- South 10' -50 4800- Hg 120 
C reek from 
non-
stocked 
to med. 
brush 
Balsam 
root 
Cru 
5000 
Robbins P. pine Varies Bitter- South 20-•45 4800- Wh 190 
Gulch** from brush 5000 
^2x 
poor to Balsam 
med. root B.! B. 
Wheatg rass 
Whitsell P. , pine Poor Same as South 15' -50 4400- Wh 177 
Gulch Robbins 
Gulch 
4800 ®2x 
*From Soil Survey - Bitterroot Valley Area, Montana, 1959. 
**Hunted in 1959 
^^Dominant shrub, forb, and grass; based on visual estimate. 
Cru - Pine grass. 
Wx - Woodrock association, Gray wooded soils group. 
C^n - Clark Fork very stony, sandy loam, Gray wooded 
soils group. 
Hg - Holloway association. Brown Podzolic soil group. 
C^e - Clark Fork cobbly sandy loam, Gray wooded soils group. 
wti -  Woodrock association, Gray wooded soils group. 
B^^ - Brownlee-Stecum association, Chestnut soils group. 
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2. Damage type (scarred or girdled). 
3. The age and number of injuries in each damage age class. 
The presence or absence of damage on each tree was recorded 
as a check of the over-all damage for each area. Ageing damage was 
done either by notching (see page 34 ) or by both notching and increment 
cores in the case of girdled trees (see page 95 ). Injuries were separ­
ated by 1-year classes in order to compare damage before the 1959 
hunt to damage after the 1959 hunt. Each age class was given a class 
number based on the number of annual rings put on by the injured 
tree since the time of damage. The age classes used are as follows: 
Age class 0 - only current growth put on since injury; damage 
occurred between the end of the I960 growing 
season and the start of the 196 1 growing season. 
Age class 1 - one annual ring in addition to current growth; 
damage occurred between the end of the 1959 and 
the start of the I960 growing season. 
Age class 2 - two annual rings in addition to current growth; 
damage occurred between the end of the 1958 and 
the start of the 1959 growing season. 
Age class 3 - three annual rings in addition to current growth; 
damage occurred between the end of the 1957 and 
the start of the 195 8 growing season. 
Age class 4 - four or more annual rings in addition to current 
growth; damage occurred sometime before the 
1957 growing season. 
The above classes were used for Robbins Gulch and Whitsell 
Gulch. For the Como Lake and Chaffin Creek survey, age class 4+ 
was not used and all old injuries were included in age class 3, which 
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was then considered age class 3 + . 
The above classification assunnes that damage did not occur 
during the growing season, which is not actually true. When injuries 
which occurred during the growing season were encountered during 
the survey, a comparison was made between the width of the ring 
where it was untouched to the width where feeding had taken place. 
If the ring'was about the same width at the point of injury as compared 
to the uninjured part, it was assumed that damage took place in late 
summer and the injury was classed as an injury following that particular 
growing season. 
Additional observations. The external appearance of known-
age scars were examined and described to see if different age classes 
of scars could be separated by simply viewing certain outward features 
of the scar. The main characters observed were: 
1. Exposed wood (scar face) where bark was totally removed. 
2. Scar edge, the area where the old bark is partly removed 
around the edge of the exposed wood. 
3. Resin, the color and feel. 
4. In scars other than current injury, the extent of the curl-
ing-in effect of the growing tissue at the scar edge. 
Aging by the scar characteristics would eliminate climbing 
and notching each tree, thus increasing the speed of sampling. 
Describing injuries was done on scarred trees only and not on com­
pletely girdled trees. 
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After examining several scars in known-age classes, an at­
tempt was made to age scars on the above characteristics and then 
compare this age to the known age as determined later by notching 
the scar edge. 
Results 
Damage on hunted and non-hunted areas. The data in Table 
XXI shows that fewer injured ponderosa pine were found on the hunted 
areas than on the non-hunted areas following the 1959 control program. 
The hunted area (Robbins Gulch), however, also showed a few less 
injuries for the year prior to the hunt as compared to the check area. 
The other hunted area (Como Lake) also showed Less damage 
than the check area, following the 195 9 hunt (Table XXI). Damage 
intensity for the one year before damage could not be made between 
these areas because it was grouped with older injuries. However, 
the combined injuries of age class 3 or older were more abundant 
on the Como Lake area than on the check area, indicating that damage 
was heavier on the hunted area prior to 1959. Table XXI also shows 
that the per cent of total trees damaged was greater on the Como 
Lake area. 
The results of this damage survey in both pairs of hunted and 
non-hunted areas showed about a 50 per cent reduction in current 
scars following the 1959 control. However, since the values in Table 
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TABLE XXI. 
COMPARISON OF PORCUPINE FEEDING SCARS ON PONDEROSA 
PINE BETWEEN HUNTED (1959) AND NON-HUNTED AREAS, AND 
THE OVERALL DAMAGE IN EACH AREA (DARBY DISTRICT, BIT-
TERROOT N.F. 
Study Damage age class Overall Damage 
A reas Total No. Trees Per cent 
0^ 1^ 2^ 3® 4.S T rees Darnaged Damaged 
2 ^ , 4 
Robbins Gulch 9 12 15 17 277 800 293 36.6 
^Whitsell Gulch 14 23 28 25 290 800 306 38. 3 
Damage age class 
0^ 1' z' 3+S 
3^ .  4 
Como Lake 5 5 4  153 852 158 18.5 
3 
Chaff in C reek 12 15 10 88 852 116 13.6 
All four areas hunted March, 1961. 
Located on east side of Bitterroot River. 
Located on west side of Bitterroot River. 
^Hunted in 1959 control program. 
Scars in this age class were put after the I960 growing season and 
before the 1961 growing season. 
Scars in this age class were put after the 1959 growing season and 
before the I960 growing season. Scars occurred after 1959 control. 
1 
Scars put on after the 1958 growing season and before the 1959 
growing season* Scars could have been put on before or after the 
1959 control program. 
'scars put on before 1959 control program. 
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XXI on which this 50 per cent reduction is based are relatively small, 
and are from 1 sample, no definite conclusion can be made which 
states that damage was reduced by one-half in hunted areas. 
Current damage was present on all 4 areas (Table XXI). 
Whether or not this damage occurred before or after the March, 1961, 
hunt is not known. However, 1 animal each was observed in the Chaffin 
Creek area and Whitsell Gulch during the 1961 summer survey. 
Both animals had removed bark from the pine trees in which they 
were observed. This strongly suggests that some of the current 
damage occurred after the 1961 control effort. 
Aging scars . The examination of at least 10 scars in each 
of the 0 through 3 age classes showed that the external appearance 
of each age class scar was subject to variation. This variation can 
be explained by the following examples. 
Scars less than one week old invariably show distinct fresh, 
white, exposed inner wood, exuding a few droplets of transparent 
resin. Also, the bark next to the edge of the exposed white wood 
has a dark, reddish-brown color, very often showing loose fringes 
of brown bark of various lengths up to 1 inch, and 1/32 to 1/8 inch 
in width. Such a scar could easily be identified as fresh or current 
damage. However, as the current scar ages, certain non­
uniform changes occur in the outward appearance of the scar. This 
variation may be due to the size and location of the scar on the tree. 
tree vigor, and expos ure. The exposed inner wood changes from 
white to varying shades of yellow. Also, the bark around the edge 
of the exposed wood slowly loses the reddish-brown color, and the 
amount of resin increases on the scar face. These changes cause 
current scars to take on an appearance resembling that of one-year 
old scars, thus making age distinction by external features impractical. 
Another example of variation is found in slightly older scars. 
Scars about 2 or 3 years old show the scar edge curling in toward the 
scar face. This effect is not as common in 1-year old scars, but did 
occur in several 1-year old injuries examined for this study, thus 
making it difficult to separate damage age to the nearest year in the 
older aged scars. 
Discussion 
The lack of current damage and the low porcupine kill in 
Robbins Gulch and Lick Creek in 1961 indicated that the 1959 control 
eff ort was effective in reducing porcupines. Further evidence of this 
reduction is prdvided by the results of the 1961 damage survey which 
showed that hunted areas had fewer recent scars than did the non-
hunted areas. 
The relatively high rate of current damage and the fact that 8 
animals were killed during the 1961 hunt in Whitsell Gulch strongly 
indicates that porcupines were not experiencing a general decline. 
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To what extent the poorer hunting conditions in 1961 caused the low 
kill in 1961 on the Lick Creek and Robbins Gulch areas is not known. 
However , the fact that Robbins Gulch and Whitsell Gulch are located 
less than 1/4 mile apart indicates that hunting conditions may not 
have been too important. 
The Como Lake and Robbins Gulch areas which were hunted 
twice show a lower level of current damage than the non-hunted areas 
in 1959. However, it is apparent that hunting was not entirely effec­
tive in reducing porcupines as damage was continuing in all 4 study 
areas. Complete reduction is not imporatnt, however, as the pri­
mary objective of any control program should not be one of total 
elimination of the species, but rather a reduction of animals to a 
level which can be tolerated under good management (Grinnell,  
1924). The level of porcupine numbers which would not interfere 
with forest management is not known. A proper level would probably 
depend on such factors as the stand age, timber stocking, and avail­
able preferred food other than trees. In addition^ knowledge of 
animal movements and seasonal food habits are important for de­
termining a proper level of porcupines for any given region. 
The amount of porcupine damage for any one year (Table XXI) 
appears relatively unimportant in regard to damage in overall timber 
stand. But, when injuries from several years are combined, the 
damage intensity to the whole stand takes on greater importance. The 
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cumalative nature of porcupine damage, which becomes more ap­
parent with more critical examination, suggests that in high value 
stands the tolerable level of porcupines should be kept at a minimum. 
This is especially true during the time the stand is in the size class 
preferred by porcupines. 
Aging scars by viewing certain external characteristics of the 
wound does not appear to be an accurate method for determining 
damage age to the nearest year. The fact that variation exists within 
each age class indicates the need for critically examining each scar, 
thus requiring counting the rings overlying the scar face. 
It should be emphasized here that the absence of fresh, white 
scars in ponderosa pine does not necessarily indicate an absence of 
current damage. Some fresh scars were observed which lost their 
distinct white-colored scar face and within a 2-month period resembled 
scars which are at least 1 year old. 
CONCLUSIONS AND RECOMMENDATIONS 
The results of this study show that about 0.54 per cent of the 
ponderosa pine type in the districts surveyed showed relatively heavy 
and persistent porcupine feeding, and that the level of damage in these 
concentration areas was only about 5 times that found in the over-all 
pine type. Therefore, if a porcupine reduction is deemed necessary 
in certain pine stands of western Montana, control may be more ef­
fective if the whole forest is covered rather than concentrating in the 
small concentration localities. 
Certain site factors appear to be closely related to the incidence 
of heavy porcupine feeding. This study has shown that sapling and 
pole-sized trees, south exposure, and an abundance of rock outcrops 
are closely correlated with heavy porcupine feeding in ponder osa pine. 
Stream bottoms adjacent to pine stands were also noted to be closely 
associated with c ontinued porcupine use. These site factors should be 
given first consideration for porcupine control planning. 
The damage estimates made in concentration areas during 
this study considered all scarred or girdled trees as damaged trees. 
No distinction was made between harmful or beneficial feeding. 
Since few ponderosa pine die as a result of porcupine feeding, it is 
doubtful whether scarring or girdling would result in any beneficial 
thinning. In western Montana some beneficial thinning from porcupine 
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feeding may take place in lodge-pole pine since this  t imber species is  
more commonly seen having basal  girdling.  
The damage f igures of  24 per cent to al l  trees and 39 per cent 
to crop trees appears great enough to warrant porcupine control .  It  
should be emphasized,  however,  that the concentration areas represented 
only a small  segment of  the total  acreage of the ponderosa pine type in the 
districts  surveyed.  It  is  apparent therefore,  that the total  s ize of individual 
t imber holdings and the nature of  porcupine damage,  in terms of damage 
intensity and distribution of damage through the stand, be considered before 
control  measures are init iated.  
The radial  growth study conducted on the Blue Ridge Plantation 
showed that diameter growth in pine is  reduced by porcupine damage.  
The 8 per cent and 25 per cent reduction found in scarred and girdled 
trees respectively occurred during 10 consecutive years and does not 
necessarily apply to a later 10-year growing period.  Growth in scarred 
trees may return to normal fol lowing recovery from the injury.  How­
ever,  observations made during this  study indicate that completely girdled 
trees never again attain normal diameter growth below the girdle.  
The available evidence suggests  that the porcupine control  
program in the Darby Forest  District  resulted in fewer injuries to 
ponderosa pine fol lowing the controlled hunts.  How long lasting the 
effects  of  these hunts are is  not known and awaits  further observation.  
Evidence of continued porcupine feeding after control  was present in 
the hunted areas indicating that the animals were not completely 
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eliminated.  It  is  possible that i f  these areas were fully stocked and 
intensively managed for t imber production,  the amount of  porcupine 
feeding now occurring each year may be of  l i tt le  importance.  
A better understanding of porcupines in forested areas of 
western Montana wil l  require additional  research in certain aspects 
of  porcupine biology and animal control .  
Protecting plantations and other high value stands from heavy 
porcupine feeding wil l  require the use of  direct  control  methods such 
as hunting,  trapping,  and poisoning (properly administered),  which 
should be continually evaluated to f ind the best  method for local  con­
ditions.  New methods,  such as systemic repellents,  should also be 
tested.  Consideration should also be given to employing and testing 
environmental  controls ,  such as proper stocking,  pruning,  protection 
from livestock grazing,  and also,  the maintainence of proper levels  
of  predatory animals which prey upon porcupines.  
Protecting extensive areas of natural  pine stands in western 
Montana wil l  require gathering information on both animal and the 
t imber stand involved.  This collected data should include the fol lowing: 
1,  iCharacterist ic^ of t imber stand and site.  
a .  Stocking 
b.  Age of stand 
c .  Physiographic factors 
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2.  Description of habitat  surrounding the t imber stand 
to be protected.  
3.  Porcupine density and movements.  
4.  Porcupine feeding intensity.  
a .  Number of trees injured.  
b.  Age and type of injury,  number of injuries/tree of 
different damage age classes.  
c .  Effect  of  damage on tree growth for determining 
growth loss.  
Many of the i tems l isted above could easi ly be collected by forest  
cruisers during other f ield activit ies ,  while others would require 
additional  research.  The fol lowing studies are therefore recommended 
to further help evaluate the influence of porcupine feeding in pon-
derosa pine stands of western Montana.  
1.  Develop methods to estimate porcupine numbers anddensity.  
2 .  Collect  porcupines for seasonal food habits  study and also 
capture animals for study of seasonal movements.  
3.  Further study of  growth losses in ponderosa pine of al l  
ages and in different stocking rates.  
4.  Development of  an accurate guide l ine to be used by 
foresters in estimating the total  growth loss due to porcupine 
damage.  
SUMMARY 
1.  The porcupine is  recognized as a forest  influence because 
of  i ts  feeding on the fol iage and inner bark of valuable trees.  In 
some forested areas this  rodent is  considered one of the most in­
jurious wild animals to t imber stands.  
2.  A review of the l i terature indicated that considerable in­
formation is  st i l l  lacking regarding porcupine biology in western 
Montana.  Also,  l i tt le  is  known concerning the nature of  heavy por­
cupine feeding areas,  the effect  of  porcupine damage on tree growth,  
or the effectiveness of certain porcupine control  methods.  
3.  The study reported in this  paper concerns porcupine 
damage in ponderosa pine type stands of western Montana and was 
conducted during the summers of I960 and 1961.  The main objectives 
of  the study were to:  (1)  determine the relative s ize and distribution 
of porcupine concentration areas inponderosa pine stands in western 
Montana,  (2)  correlate damage intensity with variations in various 
site factors in concentration areas,  and (3)  investigate the effect  of  
porcupine damage on radial  growth in pine.  A secondary objective 
was to evaluate hunting as an effective method in reducing porcupine 
damage.  
4.  A questionnaire was sent to al l  forest  supervisors of 
National Forests  in Region 1 of  the U.S.  Forest  Service requesting 
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the location of  areas s  howing poreupine feeding.  Heavy feeding 
areas were then selected from National Forests  Districts  in western 
Montana on the basis  of  the criteria set  up for this  study.  
5.  Two damage estimates were made in each selected con­
centration area: (1)  over-all  damage which included al l  trees and 
(2)  crop tree damage which included only dominant and co-dominant 
ponderosa pine.  The quarter-method was used to select  4 trees in 
each study plot  from which damage measurements were recorded.  
6.  Various site factors were noted and measured in al l  
selected areas to determine which factors are commonly associated 
with persistent porcupine feeding in pine.  
7.  Approximately 1,686 acres were classif ied as concentration 
areas in the 10 forest  districts  surveyed in western Montana.  This 
represents about 0.54 per cent of  the total  309,519 acres of pond­
erosa pine type found in the 10 districts ,  and suggests  that control ,  
i f  necessary,  may be more effective if  the whole forest  is  covered 
rather than concentrating in small  crit ical  localit ies .  
8.  Porcupine feeding in trees results  in damage which can 
be classif ied into 4 main types:  (1)  feeding on tree fol iage,  (2)  com­
plete girdling of  the bole,  (3)  scarring or partial  girdling,  and (4)  
damage to seedlings.  
9.  This study showed that 58 percent of the 659 damaged 
trees (al l  species)  were completely girdled and 42 per cent scarred 
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only.  Only 3 of the 659 trees were dead or showed no sign of recovery.  
10.  Damage estimates showed that 24.4 per cent of al l  trees 
measured on concentration areas had evidence of porcupine feeding.  
Ponderosa pine of al l  crown classes showed 34.9 per cent damage 
while ponderosa pine crop trees showed 39-3 per cent of  al l  crop 
trees damaged. This compares to the damage estimate on crop trees 
selected randomly over the entire ponderosa pine type by Jonkel  
et  al .  (1956) which showed 7.5 per cent damage on districts  covered 
by both studies.  
11.  Ponderosa pine and lodgepole pine were the most heavily 
damaged trees on the concentration areas.  Lodgepole pine however 
represented only a very small  sample.  Only 3 of  748 Douglas f ir  
examined showed evidence of bark removal by porcupine feeding.  
12.  Sapling and pole-sized trees,  southern exposure,  and the 
presence of large rock masses appear closely correlated with heavy 
porcupine feeding in ponderosa pine.  Observations made during the 
study also indicate that stream bottoms near pine stands are com­
monly associated with persistent porcupine feeding.  A combination 
of several  s ite  factors may be more important in influencing the 
porcupine's  habits  than any 1 factor alone.  
13.  Increment cores collected from the Blue Ridge Plantation 
in the Lolo National Forest  showed that radial  growth was reduced 
about 8 per cent on porcupine scarred trees and 25 per cent on 
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completely girdled ponderosa pine.  These reductions represent losses 
during 10 consecutive growing seasons and do not necessarily apply to 
later growing periods as growth could possibly return to normal fol low­
ing recovery from damage.  
14.  Scarring intensity was quite s imilar in the scarred trees 
used for measuring radial  growth so that no attempt was made to 
correlate radial  growth with various degrees of scarring.  
15.  Controll ing porcupines by organized hunts appears to be 
effective in reducing damage to ponderosa pine.  The results  of  the 
damage survey in the Darby District  of  the Bitterroot National 
Forests  revealed that 2 hunted areas showed about a 50 per cent 
reduction in new scars fol lowing the 1959 hunt compared to 2 non-
hunted check areas.  
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APPENDIX A. Field form used for porcupine survey in concentration areas. 
Date 
F orest  
District  
Elevation 
Plantation 
Natural  stand R S 
Line 
Ground Cover Overall  damage Crop tree damage 
'pet 
Grazing 
Rock Outcrops 
Parent rock 
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APPENDIX B. Detailed results  of  porcupine damage in concen­
tration areas in respect to d.b.h.  
D.B.H. 
Non-
Damage Damage Total  
Percent of  total  
trees damaged 
in each class 
1-2 358 24 382 6.3 
1 
CO 
447 43 490 8.  8 
5-6 461 118 579 20.4 
7-8 331 192 523 36.  7 
9-10 180 146 326 
00 
11-12 88 66 154 42.9 
13-14 59 49 108 45.4 
15-16 41 11 52 21.2 
17-18 25 2 27 7.4 
19-20 14 3 17 17.  7 
21-22 11 2 13 15.4 
23+ 26 3 29 10.3 
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Appendix C.  Results  of  chi-square statist ic  for testing independence 
of s ite  factors and porcupine damage on concentration 
areas 
Diameter breast  height 
Non-damage Damage T otal  
D.B.H. 
O E 
E 
O E 
E 
O and E x^ 
E 
'1-2 358 29P 15.9 24 92 50.3 764 66.2 
3-4 447 370 16.0 43 120 49.4 980 65.4 
5-6 461 438 1.2 118 141 3.  8 1158 5.0 
7-8 331 3^5 10,4 192 12 8 32.0 1046 42.4 
9-10 180 246 17.7 146 80 54.5 652 72.2 
11-12 88 116 6.8 66 38 20.6 308 27.4 
13-14 59 82 6.5 49 26 20.3 216 26.8 
15-16 41 39 .  1 11 13 .3  104 .4  
17-18 25 20 1.3 2 7 3.6 54 4.9 
19-20 14 13 .  1 3 4  .3 34 .4  
21-22 11 10 .  1 2 3 .3  26 .4 
23 26 22 .  7 3 7 2 .3 58 3.  0 
TOTAL 2041 2041 76.  8 659 659 237.  7 5400 314.5 
Aspect 
A spect O E E O E 
2 
E 
E 
O and E x^ 
E • 
South 1211 1264 2.22 461 408 6.  88 3344 9.  10 
West 303 2 75 2.  85 61 89 8.81 72 8 11.66 
East 191 181 .55 49 58 1.40 479 1.95 
North 104 97 .51 24 32 2.00 257 2.51 
Flat 232 224 .29 64 72 .  88 592 1.  17 
TOTAL 2041 2 041 6.42 659 659 19.97 5400 26.39 
Rock 
Outcrops 
O E 
E 
Rock 
O 
Outcrops 
E xi 
E 
O and E 
E 
07 1565 1533 .  668 463 495 2.07 4056 2.  74 
1-2 476 508 2.  016 196 164 6.^4 1344 8.26 
TOTAL 2041 2041 2.684 659 659 8.313 5400 10.99 
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Number trees per acre 
Numbe r Non-damage Damage Total  
stems /  
ac re 
O E O E O and E X^ 
E E E 
0-150 932 955 .554 332 309 1.  t l  2528 2.266 
151-350 538 547 .  148 186 177 .46 1448 .606 
351-350 208 203 .  123 60 65 .39 536 .508 
551-750 96 91 .2 75 24 29 .  87 240 1.137 
751-950 63 64 .  016 21 20 .  05 168 .066 
951 2 04 181 2.  923 36 59 8.97 480 11.890 
TOTAL 2041 2041 4.  039 659 659 12.434 5400 16.473 
Stocking (b ased on densiometer) 
Per­ Non-damage Damage Total  
cent 
over-
story 
O E 
2 
X 
E 
O E 
2 
X 
E 
O and E X^ 
E 
0-2 0 469 484 .465 171 156 1.442 1280 1.907 
21-40 355 354 .003 113 115 .  035 937 .038 
41-60 472 462 .  175 140 149 .544 1223 .719 
61-80 466 460 .  078 142 148 .243 1216 .321 
81-100 279 281 .  007 93 91 .  703 744 .710 
TOTAL. 2 041 2041 .  72 8 659 659 2.  967 5400 3.695 
Location on concentration area 
Total  
Location 
on area 
Non-damage Damage 
O E X2 
E 
O E X^ 
E 
O and E 
E 
Ridge top 96 94 .  043 28 30 .  133 248 .  176 
Mid-slope 1304 1311 .  374 42 0 413 .119 3448 .493 
Base of 
s lope 604 614 .  163 204 194 .515 1616 .678 
Stream 574 561 .  301 164 177 .955 1476 1.256 
Meadow 90 88 .  045 26 28 .  143 232 .188 
TOTAL 2668 2668 .926 842 842 1.865 7020 2.791 
Appendix C.  (Continued) 
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Slope 
Non-damage Da mag e Total  
Slope O E O E 
2 
X 
O and E 
iL E E 
0-10 638 632 .  057 198 2 04 .  176 1672 .233 
11-24 612 62 3 .  194 212 201 .602 1648 .  796 
25-38 390 378 .381 110 122 1.  180 1000 1.561 
39-52 138 151 1.  119 62 49 3.449 400 4.568 
53 263 257 .  140 77 83 .434 680 .574 
TOTAL 2041 2041 1.  891 659 659 5.841 5400 7.  732 
Grazing 
Non-damage Damage Total  
Grazing O E O E X2 O and E X^ 
E E E 
Pres ent 1719 1727 .  037 565 557 .  115 4568 .  152 
A bsent 322 314 .204 94 102 .62 7 832 .  831 
TOTAL 2041 2041 .241 659 659 .  742 5400 .983 
Shrub cove r 
Non-damage Damage Total  
Shrub 
cover 
O E O E O and E X^ 
E E E 
0-2 0 849 874 .717 307 2 82 2.216 2312 2.933 
21-40 656 617 2.465 160 199 7.643 1632 10.108 
41-60 350 360 .278 126 116 .  862 952 1.  140 
61 186 190 .084 66 62 .258 504 .342 
TOTAL 2041 2 041 3.544 659 659 10.979 5400 14.523 
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Appendix C.  (Continued) 
Forb cover 
Non-damage Damage Total  
Per cent O E O E O and E x^ 
E E E 
0-15 1605 1596 .  105 503 515 .2 85 4223 .390 
16-30 339 342 .026 113 110 .  082 904 .  108 
31-45 58 70 2.057 34 23 5 .261 185 7.318 
46 35 33 .  121 9 11 .364 88 .485 
TOTAL 2041 2041 2.309 659 659 5 .  992 5400 8.301 
Grass and sedge cover 
Non-damage Damage T otal  
G ra.  s  s  - •y 
sedge O E jT O E JT O and E 
cover E E 
E 
0-20 1582 1578 .010 506 510 .031 4176 .  041 
21-40 353 357 .045 119 115 .  139 944 .  184 
41 106 106 .000 34 34 .  000 280 .  000 
TOTAL 2 041 2 041 .  055 659 659 .  170 5400 .225 
Bare ground 
per cent 
Non-damage Damage Total  
2 2 2 
bare O E xf  O E jr  O and E x:  
ground E E E 
0-20 395 396 .003 129 128 .  008 1048 .  Oil  
21-40 665 650 .346 195 210 1 .  071 1720 1.417 
41-60 514 514 .  000 166 166 .  000 1360 .  000 
61 467 481 .407 169 155 1 .265 12 72 1.672 
TOTAL 2041 2041,  1,756 659 659 2.344 5400 3.100 
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Appendix D.  Distribution of observed plots on Ponderosa pine 
concentration areas compared to distribution of 
Ponderosa pine type in respect to random sample 
A spect 
Percent in 
respect to random 
Expected Plots Observed Plots 
2 
Number 
3 
Number 
Flat 16 108.  0 74.  0 
West 10 67.5 91.0 
South 36 243.  0 418.  0 
East 28 189.  0 60.  0 
North 10 67.5 32.  0 
Total  675.  0 675.  0 
Distribution of Ponderosa pine in respect to random sample by 
Jonkel(1956).  
Percent from random sample X total  observed plots (675).  
Distribution of plots  in respect to porcupine damage in Ponderosa 
pine concentration areas , I960,  
